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HIS, the Seventeenth Edition of the Carnegie Pocket Companion, 
contains the revised data of the sixteenth edition. 



The A. S. T. M. Specifications on structural and rivet steel appear 

in the form adopted in 1914; a table on standard punching of 

« 

flanges of beams and channels has been added, the tables of extreme 
sizes of plates have been extended with the inclusion of nickel steel, 
itnd sizes of channels, bulb angles, checkered plates, merchant bars, 
etc., have been revised. 

Since 1903, the date of the fifteenth edition, there have been 

many changes in thi^ -art of bridge and' biritding construction with 

* •'•* ■ '■' ' ■■•■■.'*'. 
the extension of the use of steel into other lines than those covered . 

by that edition. The endeavor in; the present and the past issue 

has been to eliminate obsolete forms of -construction, to revise the 

forms retained from tlie fifteenth' edition so as to make them 

conformable to present standard practice and to incorporate with 

the matter so retained such information on the newer lines of 

manufacture as would be of interest to engineers, architects, and 

builders. 

From the large number of rolled shapes which we manufacture, 
we have selected for illustration in the profiles and tables such as 
are deemed most suitable for use in bridge, building, locomotive, 
car, and ship construction. A complete list of all the sections rolled 
on the structural-, plate,- bar- and rail mills of the Carnegie Steel 
Company, together with tables of weights and other data in regard 
to these products, is given in our Shape Book, with its supplements. 
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The specifications for this m^tidrial aro^^ueU under the fixed designa- 
tVm A 7; the final number indicales tlie ye^ Qt original issue or, in the case 



AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 
AFFILIATED WITH THB 

International Association for Testing Materials 
STANDARD SPECIFICATIONS 
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STRUCTURAL STEEL FOR BRIDGES 
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Adopted, 1901; Revised, 1905, 1909, 1913, 1914. 
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1. Steel CaatinffB. The Standard Specifications for Steel Castings 
adopted by the American Society for Testing Materials shall govern 
the purchase of steel castings for bridges. Unless otherwise speci- 
fied, Class B castings, medium grade, shall be used. 

I. MANUFACTURE 

2. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

Structural Steel Rivet Steel 

^, , f Acid not over 0.06 per cent not over 0.04 per cent 

Phosphorus< _ 

\Basic •• " 0.04 •• •• •• " 0.04 " 

Sulphur •• ♦' 0.05 " " " " .045" *' 
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STANDARD SPECIFICATIONS 



4. Ladle Analyses. An analysis to determine the percentages of 
carbon, manganese, phosphorus and sulphur shall be made by the 
manufacturer from a test ingot taken during the pouring of each 
melt, a copy of which shall be given to the purchaser or his repre- 
sentative. This analysis shall conform to the requirements specified 
in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser 
from finished material representing each melt, in which case an 
excess of 25 per cent above the requirements specified in sec. 3 
Bhall be allowed. 



III. PHYSICAL PROPERTIES AND TESTS 

6. Tension Tests, (a) The material shall conform to the follow- 
ing requirements as to tensile properties: 



Properties Considered 


Structural 
Steel 


Rivet 
Steel 


Tensile strength. . . lb. 

Yield point, min lb. 

IBlongation in 8 inches, min . . 
Elongation in 2 inches, min . . 


per sq. inch 
per sq. inch 
. . .per cent 
. . . per cent 


65,000-65,0000 

0.5 tens. str. 

1.500.0006 

tens. str. 

22 


46,000-66,000 

0.5 tens.str. 
1.500,000 
tens. str. 



a See par. (6). 



b See sec. 7. 



(6) In order to meet the required minimum tensile strength of 
full-size annealed eye bars, the purchaser may determine and 
specify the tensile strength to be obtained in specimen tests, but 
the maximum shall not exceed 74,000 lb. per sq. inch. The material 
Bhall conform to the requirements as to physical properties other 
than that of tensile strength, specified in sec. 6, 7 and 8 (6). 

(c) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation, (a) For structural steel over Ji 
inch in thickness, a deduction of 1 from the percentage of elongation 
in 8 inches specified in sec. 6 (a) shall be made for each increase 
of ys inch in thickness above % inch to a minimum of 18 per cent. 

(6) For structural steel under %6 inch in thickness, a deduc- 
tion of 2.5 from the percentage of elongation in 8 inches specified 
in sec. 6 (a) shall be made for each decrease of Vie inch in thiGk.rLe,«& 
below %6 inch, except as specified in pat. lb\ (^c^ a.xv^ ^(V>). 
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8. BendTcstiL (a) The test specimen for plates, shapes and 
bars shall bend cold through 180 degrees without cracking on the 
outside of the bent portion, as follows: For material % inch or 
under in thickness, fiat on itself; for material over % inch to and 
including IJi inch in thickness, around a pin the diameter of 
which is equal to the thickness of the specimen; and for material 
over 1 }4 iiich in thickness, around a pin the diameter of which is 
equal to twice the thickness of the specimen. 

(6) The test specimen for eye-bar fiats shall bend cold through 
180 degrees without cracking on the outside of the bent portion 
as follows: For material % inch or under in thickness, around a 
pin the diameter of which is equal to the thickness of the specimen; 
for material over Ji inch to and including 1}4 inch in thickness, 
around a pin the diameter of which is equal to twice the thickness 
of the specimen; and for material over IJ^ inch in thickness, 
around a pin the diameter of which is equal to three times the 
thickness of the specimen. 
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Figure 1. 

(c) The test specimen for pins, rollers and other bars, whea 
prepared as specified in sec. 9 (e), shall bend cold through 180 
degrees around a 1-inch pin without cracking on the outside.of the 
bent portion. 

(d) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 

9. Test Specimens, (a) Tension-and bend test specimens shall 
be taken from rolled steel in the condition in which it comes from 
the rolls, except as specified in par. (6). 

(6) Tension-and bend test specimens for pins and rollers shall 
be taken from the finished bars, after annealing when annealing: 
is specified. 
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STANDARD SPECIFICATIONS 



(c) Tension-and bend test specimens for plates, shapes and 
bars, except as specified in par. ((i), (e) and (/), shall be of the full 
thickness of material as rolled. They may be machined to the 
form and dimensions shown in fig. 1, or with both edges parallel; 
except that bend test specimens for eye-bars flats may have three 
rolled sides. 



-4V4- 
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(d) Tension-and bend test specimens for plates, and tension 
test specimens for eye-bar flats, over 1 3^ inch in thickness may be 
machined to a thickness or diameter of at least % iilch for a length 
of at least 9 inches. 

(e) Tension test specimens for pins, rollers and bars (except 
eye-bar flats) over IJ^ inch in thickness or diameter m&y be of 
the form and dimensions shown in fig. 2. Bend test specimens 
may be 1 by J^ inch in section. The axis of the specimen shall be 
located at any point midway between the center and surface and 
shall be parallel to the axis of the bar. 

(/) Tension-and bend test specimens for rivet steel shall be of 
the full-size section of bars as rolled. 

10. Number of Tests, (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs Vs inch or more in thickness, one tension-and one bend test 
^hall be made from both the thickest and the thinnest material 
rolled. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in sec. 6(a) and any part of the fracture 
is more than Ji inch from the center of the gage length of a 2 inch 
specimen or is outside the middle third of the gage length of an 
8-inch specimen, as indicated by scribe scratches marked on the 
specimen before testing, a retest shall be allowed. 
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rV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

11. PermiBsible VarUtions. The cross-section or. weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be covered 
by the following permissible variations to apply to single plates: 

(a) When Ordered to Weight. — 

For plates 12J^ pounds per sq. foot pr over: 

Under 100 inches in width, 2.5 per cent above or below the 
specified weight; 

100 inches in width or over, 5 per cent above or below the 
specified weight. 

For plates under 12J^ pounds per sq. foot: 

Under 75 inches in width, 2.5 per cent above or below the 
specified weight; 

75 to 100 inches, exclusive, in width, 5 per cent above or 3 
per cent below the specified weight; 

100 inches in width or over, 10 per cent above or 3 per 
cent below the specified weight. 

(b) When Ordered to Gage. — 

The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 



Thickness 

Ordered, 

Inches 



H to %2 

%2 to %6 

%6to M 

H 

Vs 

H 
Over % 



Nominal 

Weight, 

Pounds 

per 

Square Foot 



Allowable Excess 

Expressed as Peficentage of Nominal Weight 

For Width of Plate as follows: 



Under 
50 in. 



5.10 to 6.37 
6.37 to 7.6 
7.66 to 10.20 

10.20 

12.75 

15.30 

17.85 

20.40 

22.95 

25.50 



50 in. 

to 
70 in. 
excl. 



10 
8.5 

7 



15 

12.5 

10 



70 in. 

or 

over 

20 
17 
15 



Under 
75 in. 



75 in. 
to . 
100 in. 
excl. 



100 m. 

to 

115 in. 

excl. 



115 in. 

or 

over 



10 
8 
7 
6 
5 

4.5 
4 
3.5 



14 
12 
10 

8 

7 

6.5 

6 

5 



18 
16 
13 
10 

9 

8.5 

8 

6.5 



17 
13 
12 
11 
10 
9 
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V. FINISH 

12. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

13. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly stamped 
on the end of each pin and roller. The melt number shall be 
legibly marked, by stamping, if practicable, on each test specimen. 

VII. INSPECTION AND REJECTION 

14. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

15. Bajeetion. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(6) . Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

16. Rehearinar. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., T7. S. A. 
AFFILIATED WITH THE 

Intebnational Association for Testing Materials 



STANDARD SPECIFICATIONS 

FOB 

STRUCTURAL STEEL FOR BUILDINGS 

Serial Designation: A9-14. 

The specifications for this material are issued under the fixed designa- 
tion A 9; the final number indicates the year of original issue or, in the case 

of revision, the year of last revision. 

f 

Adopted, 1901; Beyibed, 1909, 1913, 1914. 

I. MANUFACTURE 

1. Process, (a) Structural steel, except as noted in par. (6), 
may be made by the bessemer-or the open-hearth process. 

(6) Rivet steel, and steel for plates or angles over % inch in 
thickness which are to be punched, shall be made by the open- 
hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

Structuhal Steel Rivet Steel 

fBesscmer. . . not over 0.10 per cent 

Phosphorus { 

lOpen-hearth " *• 0.06 " " not over 0.06 per cent 

Sulphvr 0.045 ** *' 

10 



STANDARD SPECIFICATIONS 



3. Ladle Analyses. An analysis to determine the percentages of 
carbon, manganese, phosphorus and sulphur shall be made by the 
manufacturer from a test ingot taken during the pouring of each 
melt, a copy of which shall be given to the purchaser or his repre- 
sentative. This analysis shall conform to the requirements 
specified in sec. 2. 

4. Check Analyses. Analyses may be made by the purchaser 
from finished material representing each melt, in which case an 
excess of 25 per cent above the requirements specified in sec. 2 
shall be allowed. 



III. PHYSICAL PROPERTIES AND TESTS 

5. Tension Tests, (a) The material shall conform 
following requirements as to tensile properties: 



to the 



Properties Considered 


Structural Steel 


Rivet Steel 


Tensile strength lb. per sq. inch 

Yield point, min lb. per sq. inch 

Elongation in 8 inches, min per cent 

Elongation in 2 inches, min per cent 


55,000-65,000 

0.5 tens. str. 
1,400,000a 
tens. str. 
22 


46,000-56,000 

0.5 tens. str. 
1,400,000 
tens. str. 



aSeeseo. 6. 

(6) The yield point ^hall be determined by the drop of the 
beam of the testing machine. 

6. Modiflcatlomi in Elongation, (a) For structural steel over % 
inch in thickness, a deduction of 1 from the percentage of elongation 
in 8 inches specified in sec. 5 (a) shall be made for each increase 
of J/^ inch in thickness above J^ inch to a minimum of 18 per cent. 

(6) For structural steel under %6 inch in thickness, a deduction 
of 2.5 from the percentage of elongation in 8 inches specified in 
sec. 5 (a) shall be made for each decrease of Vl6 inch in thickness 
below %6 inch. 

7. Bend Tests, (a) The test specimen for plates, shapes and 
bars, except as specified in par. (6) and (c), shall bend cold through 
180 degrees without cracking on the outside of the bent portion, 
as follows: For material % inch or under in thickness, flat on 
itself; for material over % inch to and including 1}4 inch in thick- 
ness, around a pin the diameter of which is equal to the thickness 
of the specimen ; and for material over 1 }^ inch in thickTifc'es*, ^^twixA^" 



\ 
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a pin the diameter of which is equal to twice the thickness of the 
specimen. 

(6) The test specimen for pins, rollers and other bars, when 
prepared as specified in sec. 8 (e), shall bend cold through 180 
degrees around a 1-inch pin without cracking on the outside of the 
bent portion. 

(c) The test specimen for rivet steel shall bend cold through 
180 degrees fiat on itself without cracking on the outside of the 
bent portion. 

8. Test Specimens, (a) Tension-and bend test specimens shall 
be taken from rolled steel in the condition in which it comes from 
the rolls, except as specified in par. (6). 

(&) Tension-and bend test specimens for pins and rollers shall 
be taken from the finished bars, after annealing when annealing 
is specified. 
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Figure 1. 

(c) Tension-and bend test specimens for plates, shapes and 
bars, except as specified in par. (d), (e) and (/), shall be of the full 
thickness of material as rolled; and may be machined to the form 
and dimensions shown in fig. 1, or with both edges parallel. 

(d) Tension-and bend test specimens for plates over 1}^ inch 
in thickness or diameter may be machined to a thickness or diam- 
eter of at least ^ inch for a length of at least 9 inches. 

(e) Tension test specimens for pins, rollers and bars over 1}^ 
inch in thickness or diameter may be of the form and dimensions 
shown in fig. 2. Bend test specimens may be 1 by J^ inch in 
section. The axis of the specimens shall be located at any point 
midway between the center and surface and shall be parallel to 
the axis of the bar, 

(/) Tension-and bend test specimens for rivet steel shall be 
of the full-size section of bars as rolled. 

12 
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9. Number of Tests, (a) One tension-and one bend test shall be 
made from each melt; except that if material from one melt differs 
5^ inch or more in thickness, one tension-and one bend test shall be 
made from both the thickest and the thinnest material rolled. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is more than % inch from the center of the gage length of a 2 inch 
specimen or is outside the middle third of the gage length of an 
8 inch specimen, as indicated by scribe scratches marked on the 
specimen before testing, a retest shall be allowed. 




..%r:^ 



Figure 2. 



rV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

10. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be covered 
by the following permissible variations to apply to single plates: 

(a) When Ordered to Weight. — 

For plates 12 J^ pounds per sq. foot or over: 

Under 100 inches in width, 2.5 per cent above or below the 
specified weight; 

100 inches in width or over, 5 per cent above or below the 
specified weight. 

For plates under 12J^ pounds per sq. foot: 

Under 75 inches in width, 2.5 per cent above or below the 
specified weight; 

75 to 100 inches, exclusive, in width, 5 per cent above or 3 
per cent below the specified weight; 

100 inches in width or over, 10 per cent above or Z ^^x ^^\s\. 
below the specified weight. ^ 
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(6) When Ordered to Gage.— 

The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assume^ to weigh 0.2833 pound: 









Allowablb Excess 








Nominal 

Weight, 

Pounds 

per 

Square Foot 


EzPftXaSED AS PSRCBNTAGB OF NOMINAL WEIGHT 


Thickness 




For Width of Plate as follows 


• 
• 




Ordered, 
Inches 


Un 
50 

1 


der 
in. 


50 in. 

to 
70 in. 
excl. 


70 in. 

or 

over 


Under 
75 in. 


75 in. 

to 

100 in. 

excl. 


100 in. 

to 

115 in. 

excl. 


115 in. 

or 

over 


H to%2 


5.10 to 6.37 





15 


20 


1 

• • • « 


■ a 




%2tO%6 


6.37 to 7.65 


8.5 


12.5 


17 .... 






%6tO M 


7.65 to 10.20 


7 


10 


15 .... 


. . 




H 


10.20 












10 


14 


18 




%6 


12.75 














8 


12 


16 




% 


15.30 








. 






7 


10 


13 


17 


%6 


17.85 














6 


8 


10 


13 


H 


20.40 














5 


7 


9 


12 


%6 


22.95 














4.5 


6.5 


8.5 


11 


% 


25.50 














4 


6 


8 


10 


Over % 














• 


3.5 


5 


6.5 


• • 



V. FINISH 

11. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

12. Marldnff. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
fihall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly stamped 
on the end of each pin and roller. The melt number shall be 
legibly marked, by stamping, if practicable, on each test specimen. 

VII. INSPECTION AND REJECTION 

13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
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The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of 
the works. 

14 Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected and the 
manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 
AFFILIATED WITH THE 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 

FOB 

STRUCTURAL STEEL FOR LOCOMOTIVES 

Serial Designation: AlO-14.* 

The specifications for this material are issued under the fixed designa- 
tion A 10; the final number indicates the year of original issue or, in the case 
of revision, the year of last revision. 

Adopted, 1912; Revised. 1913, 1914. 

1. Basis of Parehase. These specifications apply to shapes, plates 
(except boiler and firebox plates) and bars over 14 inch in thickness. 

I. MANUFACTURE 

2. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

Phosphorus not over 0.05 per cent 

Sulphur •• •• 0.05 



4C •< 



4. Ladle Analyses. An analysis to determine the percentages of 

carbon, manganese, phosphorus and sulphur shall be made by the 

manufacturer from a test ingot taken during the pouring of each 

/ jnelt, a copy of which shall be given to the purchaser or his repre- 
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sentative. This analysis shall conform to the requirements specified 
in sec. 3. 

5. Check Analyses. Analyses may be made by th6 purchaser 
from finished material representing each melt, which shall conform 
to the requiremefits Specified in sec. 3. 

III. PHYSICAL PROPERTIES AND TESTS 

6. Tension Tests, (a) The material shall conform to the 
following requirements as to tensile properties: 

Tensile strength lb. per sq. inch 55.000-65,000 

Yield point, min lb. per sq. inch 0.5 tens. str. 

Elongation in 8 inches, min per cent 1.500^^ 

See sec. 7. tens. str. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation, (a) For material over ^ inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 6 (a) shall be made for each increase of J^ inch in 
thickness above % inch, to a minimum of 18 per cent. 

(6) For material under %6 inch in thickness, a deduction of 
2.5 from the percentage of elongation in 8 inches specified in sec. 
6 (a) shall be made for each decrease of He inch in thickness below 
%6 inch. 

8. Bend Teste. The test specimen shall bend cold through 180 
degrees without cracking on the outside of the bent portion, as 
follows: For material Ji inch or under in thickness, flat on itself; 
for material over % inch to and including IJ^ inch in thickness, 
around a pin the diameter of which is equal to the thickness of 
the specimen; and for material over 1}^ inch in thickness, around 
a pin the diameter of which is equal to twice the thickness of the 
specimen. 

9. Test Specimens, (a) Tension-and bend test specimens shall 
be taken from the finished rolled material. 

(6) Tension-and bend test specimens, except as specified ill 
par. (c), shall be of the full thickness of material as rolled; and may 
be machined to the form and dimensions shown in fig. 1, or with 
both edges parallel. 

(c) Tension-and bend test specimens for plates and bars over 
1 J^ inch in thickness or diameter may be machined to a thickness 
or diameter of at least Ji inch for a length oi a\. \^«»fi\3 ^ 'wvOcifc^. 
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10. Number of Testa, (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs % inch or over in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. Shapes less than 1 sq. inch in section, and bars less than 
}^ sq. inch in section, need not be subjected to a tension test. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 

* About 3--^ 'gj r^JmMje^^mjagt:^^^^^::.^ *-Aboa1r8^ 



! V,/ I -,/" ! 



!♦ * 4 • • • •''^- 



■ I ! ! i 

■< I I ! T 



a 

^ 
J 



i ! : ! 

u About 18" J 

Figure 1 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE. 

11. PermiMible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified, except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single 
plates: 

(a) When Ordered to Weight — 

For plates 12J/^ pounds per sq. foot or over: 

Under 100 inches in width, 2.5 per cent above or below the 

specified weight; 
100 inches in width or over, 5 per cent above or below the 

specified weight. 
For plates under 123/^ pounds per sq. foot: 

Under 75 inches in width, 2.5 per cent above or below the 

specified weight; 
75 to 100 inches, exclusive, in width, 5 per cent above or 3 

per cent below the specified weight; 
100 inches in width or over, 10 per cent above or 3 per cent 

below the specified weight. i 
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(6) When Ordered to Gage. — 

The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the fpUowing table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 







Allowable Excess 








Nominal 

Weight, 

Pounds 

per 

Square Foot 


Expressed as Percentage op Nominal Weight 


Thickness 


For Width of Plate as follows 


• 
• 




Ordered, 
Inches 


Under 
50 in. 


50 in. 

to 
70 in. 


70 in. 
or 


Under 
75 in. 


75 in. 

to 
100 in. 


100 in. 

to 
115 in. 


115 in. 
or 








excl. 


over 




excl. 


excl. 


over 


H tO%2 


5.10 to 6.37 


10 


15 


20 


• • 


• a 


a a 




%2 to %6 


6.37 to 7.65 


8.5 


12.5 


17 


■ • 


• a 


• • 




%6tO yi 


7.65 to 10.20 


7 


10 


15 


• • 


• • 


a a 




yi 


10.20 








• a 


10 


14 


18 




%6 


12.75 












8 


12 


16 




H 


15.30 












7 


10 


13 


17 


%6 


17.85 












6 


8 


10 


13 


}4 


20.40 












5 


7 


9 


12 


%e . 


22.95 












4.5 


6.5 


8.5 


11 


H 


25.50 












4 


6 


8 


10 


Over % 












. 1 3.5 

1 


5 


6.5 


9 



V. FINISH 

12. Finlah. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

13. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that small sections shall, when loaded for shipment, 
be properly separated and marked for identification. The melt 
number shall be legibly marked, by stamping, if practicable, on 
each test specimen. 

VII. INSPECTION AND REJECTION 

14. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
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The manufacture!' shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

15. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

16. Rehearing. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 
AFFILIATED WITH THE 

International Association fob Testing Materials 



STANDARD SPECIFICATIONS 

FOB 

STRUCTURAL STEEL FOR CARS 

Serial Designation: All-14. 

The speciflcations for this material are issued under the fixed designa- 
tion A 11; the final number indicates the year of original issue or, in the case 
of revision, the year of last revision. 

Adopted, 1914. 



1. Bads of Pnrehase. These specifiGations apply to shapes, plates 
and bars over 14 ii^ch in thickness. 



I. MANUFACTURE 

2. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Compositioii. The steel shall conform to the following 
requirements as to chemical composition: 

Structural Steel and 

Plates for Cold Flanging Rivet Steel 

^^ , fAcid not over 0.06 per cent not over 0.04 per cent 

Phosphorus <^ . .... 

iBasic " " 0.04 •• •• '^ *• 0.04 '* " 

Sulphur •• " 0.05 ** '* ** ** Q.CA^^" \ 
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4. Ladle Analyses. An analysis to determine the percentages of 
carbon, manganese, phosphorus and sulphur shall be made by the 
manufacturer from a test ingot taken during the pouring of each 
melt, a copy of which shall be given to the purchaser or his repre- 
sentative. This analysis shall conform to the requirements specified 
in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser 
from finished material representing each melt, in which case an 
excess of 25 per cent above the requirements specified in sec. 3 
shall be allowed. 

III. PHYSICAL PROPERTIES AND TESTS 

6. Tension Tests, (a) The material shall conform to the 
following requirements as to tensile properties: 



Properties Conaidered 


Structural 
Steel 


Rivets, and Plates 
for Cold Flanging 


Tensile strength lb. per sq. inch 

Yield point, min lb. per sq. inch 

Elongation in 8 inches, min .... per centi 


50,000-65.000 

0.5 tens. str. 
1,500.000 
tens. str. 


48.000-58,000 

0.5 tens, str; 
1,500,000 
tens. str. 



^ OC6 ScC* f • 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation, (a) For material over ^ inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 6 (a) shall be made for each increase of }4 inch in 
thickness above ^ inch, to a minimum of 18 per cent. 

(6) For material under %6 inch in thickness, a deduction of 
2.5 from the percentage of elongation in 8 inchefs specified in sec. 
6 (a) shall be made for each decrease of He inch in thickness below 
%6 inch. 

8. Bend Tests, (a) The test specimen for structural steel shall 
bend cold through 180 degrees without cracking on the outside of the 
bent portion, as follows: For material ^ inch or under in thickness, 
flat on itself; for material over % inch to and including 1 }4 inch in 
thickness, around a pin the diameter of which is equal to the 
thickness of the specimen; and for material over 1}4 inch in thick- 
ness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 
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(6) The test specimen for rivet steel and plates for cold 
flanging shall bend cold through 180 degrees flat on itself without 
cracking on the outside of the bent portion. 

9. Test Specimens, (a) Tension-and bend test specimens shall 
be taken from the finished rolled material. 

(6) Tension-and bend test specimens, except as specified in 
par. (c), shall be of the full thickness of material as rolled; and 
may be machined to the form and dimensions shown in fig. 1, or 
with both edges parallel. 

(c) Tension-and bend test specimens for plates and bars over 
IJ^ inch in thickness or diameter may be machined to a thickness 
or diameter of at least % inch for a length of at least 9 inches. 

10. Number of Tests, (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs ^ inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. Shapes less than 1 sq. inch in section, and bars, except 
rivet rods, less than }^ sq. inch in section, need not be subjected 
to a tension test. 

I' 

.Si 

K-AboutS-'., j;/ ^Pa^M8ectiOTjipU^fl.t^_an_?l^ ^About-S^ 






jL 



^ 

4 4 • • • • r • 



iW 



oil 



i« About 18" — -J 

Figure 1. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 

rV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

11. Permissible Variations. The cross-scction or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single 
plates: 
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(a) When Ordered to Weight — 

For plates 12J^ pounds per sq. foot or over: 

Under 100 inches in width, 2.5 per cent above or below the 
specified weight; 

100 inches in width or over, 5 per cent above or below the 
specified weight. 

For plates under 123^ pounds per sq. foot: 

Under 75 inches in width, 2.5 per cent above or below the 
specified weight; 

75 to 100 inches, exclusive, in width, 5 per cent above or 3 
per cent below the specified weight; 

100 inches in width or over, 10 per cent above or 3 per cent 
below the specified weight. 



(&) When Ordered to Gage. — 

The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 



Thickness 

Ordered, 

Inches 



Vs 

%2 
%6 



to %2 

to 8/ie 
to H 
H 

% 

Vs 
Over ^ 



Nominal 

Weight, 

Pounds 

per 

Square Foot 



Allowable Exckss 

Expressed \s Percentaob of Nominal Weight 

For Width of Plate as follows: 



Under 
50iiL 



5.10 to 6.37 
6.37 to 7.65 
7.65 to 10.20 

10.20 

12.75 

15.30 

17.85 

20.40 

22.95 

25.50 



50 in. 

to 
70 in. 
excl. 



70 in. 

or- 

over 



Under 
75 in. 



75 in. 

to 

100 in. 

excl. 



10 
8.5 

7 



15 

12.5 

10 



20 
17 
15 



10 
8 
7 
6 
5 

4.5 
4 
3.5 



14 
12 
10 

8 

7 

6.5 

6 

5 



100 m. 

to 

115 in. 

excl. 



18 
16 
13 
10 

9 

8.5 

8 

6.5 



115 in. 

or 

over 



17 
13 
12 
11 
10 
9 



V. FINISH 

12. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 
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VI. MARKING 

13. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly rolled or stamped on all finished 
material, except that rivet bars and other small sections shall, when 
loaded for shipment, be properly separated and marked for identi- 
fication. The melt number shall be legibly marked, by stamping, 
if practicable, on each test specimen. 

VII. INSPECTION AND REJECTION 

14. Inspeetioii. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afiford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

15. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

16. Refaearinff. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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CARNEGIE STEEL COMPANV 



AMERICAN SOCIETY FOR TESTING MATERIALS 



iNTEHNATlONAi ASSOCIATION FOB TbSTINO MATERIALS 



STANDARD SPECIFICATIONS 



STRUCTURAL STEEL FOR SHIPS 

Seeial Designation: A12-14. 

The apeclScatlons for this matBriot itre issued under the 6sed deslgna- 
tloii A 12: tbe final number indicates ttio yen ot origlDal tsaue or, in the a 
o[ revislan. the year of iiiai revision. 

AnopfEo, 1901: REviaED. 1909. 1913. 1914. 
I. MANUFACTURE 

1. FroMu. The steel shall bo made by the open-hoarth proeesa. 

ri. CHEMICAL PROPERTIES AND TEST9 

2. Chemical CompMitiDn. Tlie Steel shall caoforni to the following 
requirements aa to chemii'al composition: 

^ ^ fAcid not over 0.06 per cent 

Pbospborufll _ , 

IBaaic " ■* 0.04 " 

Sulphur ■■ ■' 0.05 " 

3. IjuUe Anitlf la. An analysis to determine the percentages (^ 
carbon, manganese, phosphorus and sulphur shall be made by the 
mauufaoturcr from a test ingot taken during the pouring of each 

lelt, copy of which shall be given to the purchaser or his rcpre- 
iodative. This analysis shall conform to the requirements speeifled 
1 sec. 2. 
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4. ci|eck Analyses. Analyses may be made by the purchaser 
from finished material representing each melt, in which case an 
excess of 25 per cent above the requirements specified in sec. 2 
shall be allowed. 

III. PHYSICAL PROPERTIES AND TESTS 

5. Tension Teste, (a) The material shall conform to the 
following requirements as to tensile properties: , 

Tensile strength lb. per sq. inch 58,000-68,000 

Yield point, mln lb. per sq. inch 0.5 tens. str. 

Elongation in 8 inches, min per cent 1.500,000 

See sec. 6. , tens. str. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

pr- About S-*. 1;/ H-Pi?§M_8ectioiLnpU^A t|ian_?:'_^ ^^AboutrS^ 



i 



♦ * ♦ 



[If 



IVi 



I ■ I I 



e>!i 



j — Jy^-l-'i-ir^JEtc. i 

u About 18" •- 

Figure 1. 

6. Modifications in Elongation, (a) * For material over % inch 
in thickness, a deduction of 1 from the percentage of elongation 
specified in sec. 5 (a) shall be made for each increase of H inch 
in thickness above % inch, to a minimum of 18 per cent. 

(6) For material ^i inch or under in thickness, the elongation 
shall be measured on a gage length of 24 times the thickness of 
the specimen. 

7. Bend Tests. The test specimen shall bend cold through 180 
degrees without cracking on the outside of the bent portion, as 
follows: For material J^ inch or under in thickness, around a 
pin the diameter of which is equal to the thickness of the specimen, 
for material over ^ inch to and including l}/i inch in thickness 
around a pin the diameter of which is equal to 1 J^ times the thick- 
ness of the specimen; and for material over 1 J^ inch in thickness, 
around a pin the diameter of which is equal to twice the thickness 
of the specimen. 
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be taken From the finished rolled material, and aliall not be anneal ^'^Z J 
I otherwiae treated, except ae specified in par. (6). 

(b) TensioD-aod bend test EpecimeoH for material which if 
to be annealed or otherwise treated before use, shall be cut from ! 
properly annealed or similarly treated short lengths of the full 
iction of the piece. 
{c) Teasion-and bend test specimens, except as specified in 
par. (d), shall be of tiie full thicknesfi uf material as rolled; and \ 
may be machined to the form and dimensiona shown in fig. 1, 
with both edges parallel. 

(d) Teiiaion-and bend test specimens for plates and birs o\ 
'2 inch m. thiekness or diameter ma} be machmed I0 a thlLkm 
ir diameter of at least ^^ inch for a length of at IcList 9 inthea 

6 Nnnber of Tests, (a) One tension and one bend test ah 
be made from each mdt except that if material from one melt 
differs *8 ineh or more in thickness one tension-and one bend teat 
shall be made from both the thickest and the thinnest material 

(b) If any test specimen shows defective machining or develops 
flans it may be discarded and another specimen substituted 

(c) If the percentage of elongation of an\ tension test specimen 
s lees than that specified in bee 5 (a) and any pari of the fracture 
s outside the middk third of the gage length as indicated by 

scribe scratches marked on the specimen before lestmg a retest 
shall be allowed 

IT. PEBMIS3IBLE VARIATIONS IN WEIGHT AND GAGE 

10. PermiBsibiB VBTiBiioBB. The cross-section or weight of each 
piece at steel shail not vary more than 2,S per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single 
plates; 

(a) Wlien Ordered to Welsht. — 

For plates 12^2 pounds per sq. foot or ov 
Under 100 inches in width, 2.5 per c 

specified weight; 
100 inches in width or over, 5 per C' 
specified weight. 



■L. 



t above or below the \ 

I above or below the I 
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For plates under 123^^ pounds per sq. foot: 

. Under 75 inches in width, 2.5 per cent above or below the 
specified weight; 

75 to 100 inches, exclusive, in width, 5 per cent above or 3 
per cent below the specified weight; 

100 inches in width or over, 10 per cent above or 3 per cent 
below the specified weight. 

(6) When Ordered to Gase. — 

The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 









i 


Allowable Excess 






Nominal 

Weight. 

Pounds 

per 

Square Foot 


Expressed as 


Percentage or Nominal Weight 


Thickness 




For Width of Plate as follows: 




Ordered, 
Inches 


Under 
50 in. 


50 in. 

to 70 
70 in. c 


in. 
►r 


Under 
75 in. 


75 in. 

to 
100 in. 


100 in. 

to 
115 in. 


115 in. 
or 








excl. 0^ 


rer 




racl. 


excl. 


over 


H to%2 


5.10 to 6.37 


10 


15 2 





• • 


• • 


• • 




%2 to %6 


6.37 to 7.65 


8.5 


12.5 1 


7 


• • 


• • 


• » 




^0 to M 


7.65 to 10.20 


7 


10 1 


5 


• • 


• • 


• • 




M 


10.20 




■ • • 




10 


14 


18 




^16 


12.75 










8 


12 


16 




H 


15.30 










7 


10 


13 


17 


Vie 


17.85 






^ 




6 


8 


10 


13 


yi 


20.40 










5 


7 


9 


12 


»/io 


22.95 










4.5 


6.5 


8.5 


11 


% 


25.50 






* 1 


4 


6 


8 


10 


Over H 








1 


3.5 


5 


6.5 


9 



V. FINISH 

11. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

12. Marking. The name or brand of the manufacturer and the 
melt number shall be legibly rolled or stamped on all finished 
material. The melt number shall be legibly stamped on each test 
specimen. 
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VII. INSPECTION AND REJECTION 

13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

14. Bejection. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(6) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 
AFFILIATED WITH THE 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 

FOR 

RIVET STEEL FOR SHIPS 

Serial Designation: A13-14. 

The specifications for this material are issued under the fixed designa- 
tion A 13; the final number indicates the year of original issue or. in the case 
of revision, the year of last revision. 

Adopted, 1901; Revised. 1909, 1913. 1914. 

A, Requirements for Rolled Bars, 
I. MANUFACTURE 

1. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The Steel shall conform to the follow- 
ing requirements as to chemical composition: 

„^ ^ f Acid not over 0.06 per cent 

Phosphorus^ _ . 

iBasic " " 0.04 

Sulphur •• " 0.045 



i< It 



II II 



3. Ladle Analyses. An analysis to determine the percentages of 
carbon, manganese, phosphorus and sulphur shall be made by the 
manufacturer from a test ingot taken during the pouring of each 
melt, a copy of which shall be given to the pMieVvSkaet ox \v\^ x^^v^^;- 
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Bentative. This saalyais shall confonn to the irequirements Bpeci~ 
fied in sec. 2. 

i. Check Analyxea. Analyses may be made by the porehaaer 
from finished bars representing each melt, in which case an exc 
of 25 per cent above the requirementa specified in see. 2 shall be 
allowed. 



IIL PHT8ICAL PEOPEKTIES AND TESTS 

5. TeiwioD Tula, (q) The bars shall conform to the foUowius 
requirements as to tensile properties; 

Tonsile strength lb. pec sq. I 

Yield point, min lb. per sq. i 

Elongation in S inchea. mln per c 



I.SOO.OOO 



(6) The yield point shall be determined by the drop of the 
beam of the testing iiiacliine. 

6. HadifiuttaDjinEiansBtiDii. For bars over ^4 inch ii 
a deduction of I from the percentage of elongation specified in 
sec. 5 (a) siiall be made for each increase of !^ inch in diameter 
above ^ inch. 

7. BendTeatB. The test specimen shall bend cold through 180 
degrees ilat on itself without cracking on the outside of the bent 
portion. 



9. Number of Teats, (a) Two tension-and two bend teats Hh&ll 
be made from each melt, each of which shall conform to tlie require- 
ments specified; except that if bars from one melt differ Js inch 
more in diameter, one tension-and one bend test shall be made from 
both the greatest and the least diameters rolled. 

(fc) If any test specimen develops flaws, it may be discarded 
and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen, 
is \ties than that specified in sec. 5'(a) and any part ot the fracture 
is outside the middle third of the gage length, as indicated by- 
scribe scratches marked on the specimen before testing, a retest 
^ali be allowed. 
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IV. PERMISSIBLE VARIATIONS IN GAGE 

10. FtermisBible Variations. The gage of bars 1 inch or under in 
diameter shall not vary more than 0.01 inch from that specified; 
the gage bars over 1 inch to and including 2 inches in diameter 
shall not vary more than %4 inch under nor more than %2 inch over 
that specified. 

V. FINISH 

11. Finidi. The finished bars shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

12. Markliiff. Rivet bars shall, when loaded for shipment, be 
properly separated and marked with the name or brand of the 
manufacturer and the melt number for identification. The melt 
number shall be legibly marked on each test specimen. 

VII. INSPECTION AND REJECTION 

13. inspectioii. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afiford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior to 
shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

14. Bejeetion. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(b) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

15. Bcfaeariny. Samples tested in accordance with sec. 4, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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B, Requirements for Rivets, 

I. PHYSICAL PROPERTIES AND TESTS 

16. Test Certificate of Rolled Ban. A copy of the results of tension 
tests of the rolled bars from which the rivets were made shall be 
furnished for each lot of rivets. 

17. Tenaion Tests. If the test certificate required in sec. 16 can- 
not be furnished, the rivets shall conform to the requirements as 
to tensile properties specified in sec. 5 and 6, except that the 
elongation shall be measured on a gage length as great as the 
length of the rivets tested will permit. 

18. Bend Tests. The rivet shank shall bend cold through 180 
degrees flat on itself, as shown in fig. 1, without cracking on the 
outside of the bent portion. 





Figure 1. 



Figure 2. 



19. Flatteninar Tests. The rivet head shall flatten, while hot, to a 
diameter 2}^ times the diameter of the shank, as shown in fig. 2, 
without cracking at the edges. 

20. Number of Tests, (a) When required in accordance with 
sec. 17, one tension test shall be made from each size in each lot 
of rivets offered for inspection. 

(b) Three bend-and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection, each of which 
shall conform to the requirements specified. 

II. WORKMANSHIP AND FINISH 

r 

21. Workmanship. The rivets shall be true to form, concentric, 
and shall be made in a workmanlike manner. 

22. Finish. The finished rivets shall be free from injurious 
defects. 
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ni. INSPECTION AND REJECTION 

23. Ins^eetloii. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the rivets ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the rivets are being furnished in accord- 
ance with these specifications. All tests and inspection shall be 
made at the place of manufacture prior to shipment, unless other- 
w^ise specified, and shall be so conducted as not to interfere unneces- 
sarily with the operation of the works. 

24. Bejection. Rivets which show injurious defects subsequent 
to their acceptance at the manufacturer's works will be rejected, 
and the manufacturer shall be notified. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 
AFFILIATBD WITH THS 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 



roB 



BOILER AND FIREBOX STEEL 

Serial Designation: A3Q-14. 

The si;)eciflcations for this material are issued under the fixed designa- 
tion A 30; the final number indicates the year of original issue or, in the case 
of revision, the year of last revision. 

Adopted, 1901; Revised, 1909, 1912. 1913, 1914. 

1. Grades. These specifications cover two grades of steel for 
boilers, namely: flange and firebox. 

I. MANUFACTURE 

2. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 



Flange 

Carbon per cent 

Manganese 0.30-0.60 

Phosphorusl^*^^^ ^«* «^«^ 00^ 

iBasic •' •• 0.04 

Sulphur •' " 0.05 

/ Copper 
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Firebox 

0.12-0.25 per cent 

0.30-0.50 *' 

not over 0.04 " 

0.035 •• 

0.04 •• 

0.05 *' 
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4. Ladle Analjrses. An analysis shall be made by the manu- 
facturer from a test ingot taken during the pouring of each melt, 
a copy of which shall be given to the purchaser or his representative. 
This analysis shall conform to the requirements specified in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser 
from a broken tension test specimen representing each plate as 
rolled, which shall conform to the requirements specified in sec. 3. 

III. PHYSICAL PROPERTIES AND TESTS 

6. Tension Tests, (a) The material shall conform to the 

following requirements as to tensile properties: 

Flange Firbbox 

Tensile strength lb. per sq. inch 56,000-65,000 52,000-62,000 

Yield point, min lb. per sq. inch 0.5 tens. str. 0.5 tens. str. 

Elongation in 8 inches, min ... per cent 1.500.000 1 .500,000 

^ - tens. str. tens. str. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongation, (a) For material over ^ inch in 
thickness, a deduction of 0.5 from the percentages of elongation 
specified in sec. 6 (a) shall be nmde for each increase of }4 ii^ch in 
thickness above Ji inch. 

(6) For material yi ii^ch or under in thickness, the elongation 
shall be measured on a gage length of 24 times the thickness of 
the specimen. 

8. BendTesU. (a) Cold-bend Tests. — The test specimen shall 
bend cold through 180 degrees without cracking on the outside of 
the bent portion, as follows: For material 1 inch or under in 
thickness, flat on itself; and for material over 1 inch in thickness, 
around a pin the diameter of which id equal to the thickness of the 
specimen. 

(6) Quench'hend Tests. — The test specimen, when heated to a 
light cherry red as seen in the dark (not less than 1200® F.) and 
quenched at once in water the temperature of which is between 80® 
and 90° F., shall bend through 180 degrees without cracking on 
the outside of the bent portion, as follows: For mat^ial 1 inch 
or under in thickness, flat on itself; and for material over 1 inch 
in thickness, around a pin the diameter of which is equal to tK<^ 
thickness of the specimen. 
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9. Homogeneity Tests. For firebox steel, a sample taken from 
a broken tension test specimen shall not show any single seam or 
cavity more than \i inch long, in either of the three fractures 
obtained in the test for homogeneity, which shall be made as follows: 
The specimen shall be either nicked with a chisel or grooved 
on a machine, transversely, about He inch deep, in three places 
about 2 inches apart. The first groove shall be made 2 inches from 
the square end; each succeeding groove shall be made on the opposite 
side from the preceding one. The specimen shall then be firmly 
held in a vise,, with the first groove about J^ inch above the jaws, 
and the projecting end broken off by light blows of a hammer, 
the bending being away from the groove. The specimen shall be 
broken at the other two grooves in the same manner. The object 
of this test is to open and render visible to the eye any seams 
due to failure to weld up or to interposed foreign matter, or any 
cavities due to gas bubbles in the ingot. One side of each fracture 
shall be examined and the lengths of the seams and cavities deter- 
mined, a pocket lens being used if necessary. 



pi. 
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Figure 1. 

10. Test Specimens. Tension-and bend test specimens shall be 
taken from the finished rolled material. They shall be of the full 
thickness of material as rolled, and shall be machined to the form 
and dimensions shown in fig. 1; except that bend test specimens 
may be machined with both edges parallel. 

11. Number of Testa, (a) One tension-, one cold-bend-, and one 
quench-bend test shall be made from each plate as rolled. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 

is less than' that specified in sec. 6 (a) and any part of the fracture 

is outside the middle third of the gage length, as indicated by 

scribe scratches marked on the specimen before testing, a retest 

shall be allowed, 
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IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

12. Permissible Variatiomu When Ordered to Gage. — 

The thickness of each plate shall not vary, more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pound: 







Allowable Excess 






Nominal 

Weight. 

> Pounds 

per 
Square Foot 


ExpRsssED AS Pkrce.ntaob or Nominal Weight 


Thicknen 


For Width of Plate as follows: 




Ordered, 
Inches 


Under 


50 in. ' ,^. 
to i 70uL 


Under 


75 in. ' 100 in. 
to to 


115 m. 


1 


50 in. ' .70 in. 1 ^ 


75 in. 


100 in. 1 115 in. 


or 






j excl. 1 over 1 ; exci, < ^^.i 


over 


H to %2 


5.10 to 6.37 


10 15 20 1 .. 


• • 


• • 




%2 to %0 


6.37 to 7.65 


8.5 


12.5: 17 ; .. 


• • 


• • 




%oto M 


7.65 to 10.20 


7 


10 


15 


• • 


• • 




H 


10.20 








10 


14 


18 




He 


12.75 








8 


12 


16 




H 


15.30 








7 


10 


13 


17 


''Aa 


17.85 






.". 


6 


8 


10 


13 


H 


20.40 








5 


7 


9 


•12 


»/io 


22.95 








4.5 


6.5 


8.5 


11 


Vs 


25.50 








4 


6 


8 


10 


Over ^ 










3.5 


5 


6.5 
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V. FINISH 

13. Finish. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

14. Marking. The name or brand of the manufacturer, melt or 
slab number, grade, and lowest tensile strength for its grade specified 
in sec. 6 (a), shall be legibly stamped on each plate. The melt 
or slab number shall be legibly stamped on each test- specimen. 

VII. INSPECTION AND REJECTION 

15. Iiwpeetioii. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the pur- 
chaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture oi iVve Tcv«A,<ix\«\ ox^^x^^ 
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The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of 
the works. 

16. Rejeedon. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(&) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

17. Behcurinff. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

AFFILIATBD WITH THB 

International Association for Testing Materials 
STANDARD SPECIFICATIONS 

FOB 

BOILER RIVET STEEL 

Serial Designation: A31-14. 

The speciflcations for this material are issued under the fixed designa- 
tion A 31; the final number indicates the year of original issue or. in the case 
of revision, the year of last revision. 

Adopted. 1901; Revised. 1909. 1912. 1913. 1914. 
A. Requirements for Rolled Bars, 

I. MANUFACTURE 

1. Process. The steel shall be made by the open-hearth process. 

II. CHEMICAL PROPERTIES AND TESTS 

2. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition: 

Manganese 0.30-0.50 per cent 

Phosphorus not over 0.04 •• •• 

Sulphur •• •• 0.045 " 

3. Ladle Analyses. An analysis to determine the percentages of 
carbon, manganese, phosphorus and sulphur shall be made by the 
manufacturer from a test ingot taken during the pouring of ea.cK 

' melt, a copy of which shall be given to the pwicVxaaet ot \sc\a x^v^^ 
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sentative. This analysis shall conform to the requirements speci- 
fied in sec. 2. 

4. Cheek AnaljrMs. Analyses may be made by the purchaser 
from finished bars representing each melt, which shall conform to 
the requirements specified in sec. 2. 

III. PHYSICAL PROPERTIES AND TESTS 

5. Tension Tests, (a) The bars shall conform to the following 
requirements as to tensile properties: 

Tensile strength .lb. per sq. inch 45,000-55.000 

Yield point, mln lb. per sq. inch 0.5 tens. str. 

Elongation in 8 inches, min per cent 1.500.00 

but not to exceed 30 per cent. tens. str. 

(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

6. Ben^Tests. (a) Cold-bend Tests. — The test specimen shall 
bend cold through 180 degrees flat on itself without cracking on 
the outside of the bent portion. 

(6) Quench'bend Tests. — The test specimen, when heated to 
a light cherry red as seen in the dark (not less than 1200° F.) and 
quenched at once in water the temperature of which is between 80° 
and 90° F., shall bend through 180 degrees flat on itself without 
cracking on the outside of the bent portion. 

7. Test Specimens. Tension-and bend test specimens shall be of 
the full-size section of bars as rolled. 

8. Namber of Tests, (a) Two tension-, two cold-bend-, and two 
quench-bend tests shall be made from each melt, each of which 
shall conform to the requirements specified. 

(b) If any test specimen develops flaws, it may be discarded 
and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in sec. 5 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 



IV. PERMISSIBLE VARIATIONS IN GAGE 

9. Permissible Variations. The gage of each bar shall not vary 
/ more than 0.01 inch from that specified. 
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V. WORKMANSHIP AND FINISH 

10. Workmanship. The finished bars shall be circular within 
0.01 inch. 

11. Finish. The finished bars shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

12. Marking. Rivet bars shall, when loaded for shipment, be 
properly separated and marked with the name or brand of the 
manufacturer and the melf number for identification. The melt 
number shall be legibly marked on each test specimen. 

VII. INSPECTION AND REJECTION 

13. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in 
accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

14. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 4 shall be reported 
within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

15. Rehearing. Samples tested in accordance with sec. 4, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 

B, Requirements for Rivets. 

I. PHYSICAL PROPERTIES AND TESTS 

16. Tension Tests. The rivets, when tested, shall conform to the 
requirements as to tensile properties specified in sec. 5, except 
that the elongation shall be measured on a ^a^<fc \etL^\i t:io\. \<5«sb^ 
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than four times the diameter of the rivet. 

17. Bend Tests. The rivet shank shall bend cold through 180 
degrees flat on itself, as shown in fig. 1, without cracking on the 
outside of the bent portion. / 

18. Fiatteniiiff Tests. The rivet head shall flatten, while hot, to 
a diameter 2\i times the diameter of the shank, as shown in fig. 2, 
without cracking at the edges. 




Figure 1. 




Figure 2. 



19. Nnmber of Tests, (a) When specified, one tension test shall 
be made from each size in each lot of rivets offered for inspection. 

(6) Three bend-and three flattening tests shall be made from 
each size in each lot of rivets offered for inspection, each of which 
shall conform to the requirements specified. 



n. WORKMANSHIP AND FINISH 

20. Workmanship. The rivets shall be true to form, concentric, 
and shall be made in a workmanlike manner. 



21. Finish. 

defects. 



The finished rivets shall be free from injurious 



III. INSPECTION AND REJECTION 



22. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the rivets ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the rivets are being furnished in 
accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, 
unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

23. Rejection. Rivets which show injurious defects subsequent 
to their acceptance at the manufacturer's works will be rejected, 
and the manufacturer shall be notified. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 
AFFILIATED WITH THE 

International Association for Testing Materials 
STANDARD SPECIFICATIONS 

FOB 

STRUCTURAL NICKEL STEEL 

Serial Designation: A8-14. 

The spedflcations for this material are issued under the fixed designa- 
tion A 8; the final number indicates the year of original issue or, in the case 
of revision, the year of last revision. 

Adopted. 1912; Revised, 1913, 1914. 

I. MANUFACTURE 

1. Fnetmu The steel shall be made by the open-hearth process. 

2. Diseafd. A sufficient discard shall be made from each ingot 
intended for eye bars to secure freedom from injurious piping and 
undue segregation. 

II. CHEMICAL PROPERTIES AND TESTS 

3. Chemical Composition. The steel shall conform to the following 
requirements as to chemical composition. 



Structural Steel Rivet Stesl 

Carbon not over 0.45 per cent not over 0.30 per cent 

Manganese " ** 0.70 

„, , /Acid " '• 0.05 

Phosphorus|3^,^ .. QQ^ 

Sulphur " " 0.05 



I Nidcel not under 3.25 



O.CO '• 

0.04 " 

0.03 " 

0.45 •• 

not under 3.25 " 
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4. Ladle Analyses. An analysis shall be made by the manu- 
facturer from a test ingot taken during the pouring of each melt, 
a copy of which shall be given to the purchaser or his representative. 
This analysis shall conform to the requirements specified in sec. 3. 

5. Check Analyses. Analyses may be made by the purchaser 
from finished material representing each melt, which shall conform 
to the requirements specified in sec. 3. 



III. PHYSICAL PROPERTIES AND TESTS 

6. Tension Tests, (a) The material shall conform 
following requirements as to tensile properties: 



to the 



Properties Considered 



Rivet Steel 



Plates, Shapes 
and Bars 



Tensile strength, 
lb. per sq. inch 

Yield point, rain., 
lb. per sq. inch 

Elongation in 
8 inches, 
min., per cent 

Elongation in 
2 inches, 
min., per cent 

Reduction of area 
min., per cent 



70,000-80,000|85,000-100,000 
45.000 50.000 



1.500.000 
tens. str. 



40 



1.500,000& 
tens. str. 



25 



Eye Bars and 
Rollers, c 
Unannealed 



95.000-110.000 



55.000 



1.500.0006 
tens. str. 

16 
25 



Eye Bars a and 

Pins.c 

Annealed 



90.000-105,000 
52.000 

20 

20 
35 



a Tests of annealed specimens of eye bars shall be made for information only. 

frSee sec. 7. 

c Elongation shall be measured in 2 inches. 

(6) The yield poini shall be determined by the drop of the 
beam of the testing machine. 

7. Modifications in Elongations. For plates, shapes and unannealed 
bars over 1 inch in thickness, a deduction of 1 from the percentage 
of elongation specified in sec. 6 (a) shall be made for each increase 
of y^ inch in thickness above 1 inch, to a minimum of 14 per cent. 

8. Character of Fracture. All broken tension test specimens shall 
show either a silky or a very fine granular : Hcti're, of uniform 
color, and free from coarse crystals. 

9. Bend Tests, (a) The test specimen for plates, shapes and 
bars shall bend cold through 180 degrees without cracking en the 
outside of the bent portion, as follows: For material J^ inch or 
under in thickness, around a pin the diameter of which is equal to 

the thickness of the specimen; and for material over Ji inch in 
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thickness, around a pin the diameter of which is equal to twice the 
thickness of the specimen. 

(6) The test specimen for pins and rollers shall bend cold 
through 180 degrees around a 1-inch pin without cracking on the 
outside of the bent portion. 

(c) The test specimen for rivet steel shall bend cold through 
180 degrees flat on itself without cracking on the outside of the 
bent portion. 

10. Drift Tests. Punched rivet holes pitched two diameters 
from a planed edge shall stand drifting until the diameter is enlarged 
50 per cent, without cracking the metal. 

11. Test Specimeiu. (a) Tension-and bend test specimens shall 
be taken from the finished material. Specimens for pins shall be 
taken after annealing. 

i 

^. About 8-- ?/ ^ ^•?ilLelHCtlqn.noti«»Jhan_9^^^^ *-AbouV3^ 



! i.'' 



4 ^ m • m e'/i 



MJl^ i-a 



, //< ./<■. 



About 18' 



Figure 1. 

(6) Tension-and bend test specimens for plates, shapes and 
bars, except as specified in par. (c), shall be of the full thickness 
of material as rolled. They may be machined to the form and 
dimensions shown in fig. 1, or with both edges parallel; except 
that bend test specimens shall not be less than 2 inches in width, 
and that bend test specimens for eye-bar flats may have three 
rolled sides. 

(c) Tension-and bend test specimens for plates and bars (except 
eye-bar flats) over IJ/^ inch in thickness or diameter may be 
machined to a thickness or diameter of at least % inch for a length 
of at least 9 inches. 

(d) The axis of tension-and bend test specimens for pins and 
rollers shall be 1 inch from the surface and parallel to the axis of 
the bar. Tension test specimens shall be of the form and dimen- 
sions shown in fig. 2. Bend test specimens shall be 1 by J/^ inch 
in section. 

(e) Tension-and bend test specimens for rivet steel shall be of 
the full-size section of bars as rolled. 

47 



CARNEGIE STEEL COMPANY 



12. Number of Tests, (a) One tension-and one bend test shall 
be made from each melt; except that if material from one melt 
differs J^ inch or more in thickness, one tension-and one bend test 
shall be made from both the thickest and the thinnest material 
rolled. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 




i 
J 

i 



Figure 2. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in sec. 6 (a) and any part of the fracture 
is more than ^ inch from the center of the gage length of a 
2-inch specimen or is outside the middle third of the gage length 
of an 8-inch specimen, as indicated by scribe scratches marked on 
the specimen before testing, a retest shall be allowed. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT AND GAGE 

13. Permissible Variations. The cross-section or weight of each 
piece of steel shall not vary more than 2.5 per cent from that 
specified; except in the case of sheared plates, which shall be 
covered by the following permissible variations to apply to single 
plates: 

(a) When Ordered to Weight — 

For plates 12 J^ pounds per sq. foot or over: 

Under 100 inches in width, 2.5 per cent above or below the 

specified weight; 
100 inches in width or over, 5 per cent above or below the 

specified weight. 
For plates under 12 J^ pounds per sq. foot: 

Under 75 inches in width, 2.5 per cent above or below the 

specified weight; 
75 to 100 inches, exclusive, in width, 5 per cent above or 

3 per cent below the specified weight; 
100 inches in width or over, 10 per cent above or 3 per cent 

below the specified weight. 
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(6) When Ordered to Gage. — 

The thickness of each plate shall not vary more than 0.01 inch 
under that ordered. 

An excess over the nominal weight corresponding to the dimen- 
sions on the order shall be allowed for each plate, if not more than 
that shown in the following table, one cubic inch of rolled steel 
being assumed to weigh 0.2833 pounds: 













Allowable Excess 








Nominal 

Weight, 

Pounds 

per 

Square Foot 


EXPREBSED AS PkRCBNTAGE OF NoiONAL WeIGHT 


Thickness 


For Width of Plate as follows 


; 




Ordered, 
Inches 


Under 
50 in. 


50 in. 

to 
70 in. 


70 in. 
or 


Under 
75 in. 


75 in. 

to 
100 in. 


100 m. 

to 
115 in. 


115 in. 
or 






' exol. 


over 


, ezcl. 

1 


excl. 


over 


H to%2 


6.10 to 6.37 


10 


15 


20 .. ! .. 


• • 




%2 to%o 


6.37 to 7.65 


8.5 


12.5 


17 


• • 


• • 




%eto U, 


7.65 to 10.20 


7 


10 


15 


• • 


• • 


• • 




H 


10.20 










10 


14 


18 




%e 


12.75 












8 


12 


16 




H 


15.30 












7 


10 


13 


17 


%e 


17.85 












6 


8 


10 


13 


}4 


20.40 












5 


7 


9 


12 


%e 


22.95 












4.5 


6.5 


8.5 


11 


H 


25.50 






■ • 


* 


4 


6 


8 


10 


Over H 












3.5 

1 


5 


6.5 


9 



V. FINISH 

14. Finlsli. The finished material shall be free from injurious 
defects and shall have a workmanlike finish. 

VI. MARKING 

15. IfarUiiff. The name or brand of the manufacturer and the 
melt number shall be legibly stamped or rolled on all finished 
material, except that rivet and lattice bars and other small sections 
shall, when loaded for shipment, be properly separated and marked 
for identification. The identification marks shall be legibly 
Btamped on the end of each pin and roller. The melt number shall 
be legibly marked, by stamping, if practicable, on each test specimen. 

VII. INSPECTION AND REJECTION 

16. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the material ordered. 
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The manufacturer shall afford the inspector, free of cost, all reason- 
able facilities to satisfy him that the material is being furnished 
in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place, of manufacture 
prior to shipment, unless otherwise specified, and shall be so con- 
ducted as not to interfere unnecessarily with the operation of the 
works. 

17. Rejeedon. (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 5 shall be reported 
within five working days from the receipt of samples. 

(&) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

18. Belicuriiiff. Samples tested in accordance with sec. 5, which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a re- 
hearing within that time. 

VIII. FULL-SIZE TESTS 

19. Test of Eye Bars, (a) Full-size tests of annealed eye bars 
shall conform to the following requirements as to tensile properties: 

Tensile strength lb. per sq. inch 85,000-100,000 

Yield point, min lb. per sq. inch 48,000 

Elongation in 18 ft., min per cent 10 

Reduction of area, min per cent 30 

(6) The yield point shall be determined by the halt of the 
gage of the testing machine. 
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AMERICAN SOCIETY FOR TESTING MATERIALS 

PHILADELPHIA, PA., U. S. A. 

AFFILIATED WITH THE 

International Association for Testing Materials 



STANDARD SPECIFICATIONS 

FOB 

BILLET STEEL 
CONCRETE REINFORCEMENT BARS 

Serial Designation: A15-14. 

The si)eciflcations for this material are issued under the fixed designa- 
tion A 15; the final number indicates the year of original issue or, in the case 
of revision, the year of last revision. 

Adopted, 1911; Revised. 1912. 1913. 1914. 

1. Claaws. (a) These specifications cover three classes of 
billet steel concrete reinforcement bars, namely: plain, deformed 
and cold-twisted. 

(6) Plain and deformed bars are of three grades, namely: 
structural steel, intermediate and hard. 

2. Basis of Purchase, (a) The structural steel grade shall be 
used unless otherwise specified. 

(6) If desired, cold-twisted bars may be purchased on the 
basis of tests of the hot-rolled bars before twisting, in which case 
such tests shall govern and shall conform to the requirements 
specified for plain bars of structural steel grade. 

I. MANUFACTURE 

3. Process, (a) The steel may be made by the bessemer-or 
the open-hearth process. 
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(6) The bars shall be rolled from new billets. No rerolled 
material will be accepted. 

4. Cold-twisted Ban. Cold-twisted bars shall be twisted cold 
with one complete twist in a length not over 12 times the thickness 
of the bar. 

II. CHEMICAL PROPERf IBS AND TESTS 

5. Chemical Compoeitioii. The steel shall conform to the following 
requirements as to chemical composition: 



Phosphorus 



fBesseiner not over 0.10 per cent 



LOpen-hearth. 



0.05 



6. Ladle Analyses. An analysis to determine the percentages of 
carbon, manganese, phosphorus and sulphur, shall be made by the 
manufacturer from a test ingot taken during the pouring of each 
melt, a copy of which shall be given to the purchaser or his repre- 
sentative. This analysis shall conform to the requirements speci- 
fied in sec. 5. 

7. Check Analyses. Analyses may be made by the purchaser 
from finished bars representing each melt of open-hearth steel, and 
each melt, or lot of ten tons, of bessemer steel, in which case an 
excess of 25 per cent above the requirements specified in sec. 5 
shall be allowed. 

III. PHYSICAL PROPERTIES AND TESTS 

8. Tension Tests, (a) The bars shall conform to the following 
requirements as to tensile properties: 

Tensile Properties 



Properties 
Considered 



Plain Bars 



Structural- Inter- 



Steel 
Grade 



Tensile strength, 
lb. per sq. inch 

Yield point, min.j 
lb. per sq. inch 

Elon(;ation in 
8 inches, min., 



55,000 

to 
70,000 

33,000 
1,400,000a 



per cent, tens. str. 



mediate 
Grade 



70,000 

to 
85,000 

40,000 
1,300,000a 



Hard 
Grade 



80,000 
min. 

50,000 



Deformed Bars 



Structural- 
Steel 
Grade 



55,000 

to 
70,000 



Inter- 
mediate 
Grade 



70,000 

to 
85,000 



Hard 
Grade 



Cold- 
twisted 
Bars 



80,000 
min. 



33,000 I 40,000 I 50,000 



1,200,000a 1,250.000a 1,125.000a 



1. 000.000a 
tens. str. , tens. str. tens. str. ; tens. str. tens. str. 



Recorded 
only 

55.000 



a See sec. 9. 
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(6) The yield point shall be determined by the drop of the 
beam of the testing machine. 

9. Modifications in Elonffation. (a) For plain and deformed bars 
over 5i inch in thickness or diameter, a deduction of 1 from the 
percentages of elongation specified in sec. 8 (a) shall be made for 
each increase of J^ inch in thickness or diameter above Ji inch. 

(6) For plain and deformed bars under %6 inch in thickness 
or diameter, a deduction of 1 from the percentages of elongation 
specified in sec. 8 (a) shall be made for each decrease of %6 inch 
in thickness or diameter below %6 inch. 

10. Bend Tests. The test specimen shall bend cold around a pin 
without cracking on the outside of the bent portion, as follows: 



Bend-Test Requirements 



Thickness 

Of 


Plain Bars 


Deformed Bars 


Ck)ld- 


Diameter 

of 

Bar 


Structural- 
Steel 
Grade 


Inter- 
mediate 
Grade 


Hard 
Grade 


Structural- 
Steel 
Grade 


Inter- 
mediate 
Grade 


Hard 
Grade 

180 deg. 
d=4t 

00 deg. 
d==4t 


twisted 
Bars 


Under H inch 

H inch 
or over. . . 


180 deg. 
d=t 

180 deg. 
d— t 


180 deg. 
d— 2t 

90 deg. 
d— 2t 


180 deg. 
d=3t 

90 deg. 
d=3t 


180 deg. 
d=t 

180 deg. 
d=2t 


180 deg. 
d=3t 

90 deg. 
d=3t 


ISO deg. 
d— 2t. 

180 deg. 
d— 3t 



Explanatory Note: d = the diameter of pin about which the specimen is bent; 

t = the thickness or diameter of the specimen. 

11. Test Specimens, (a) Tension-and bend test specimens for 
plain and deformed bars shall be taken from the finished bars, and 
shall be of the full thickness or diameter of bars as rolled; except 
that the specimens for deformed bars may be machined for a 
length of at least 9 inches, if deemed necessary by the manufacturer 
to obtain uniform cross-section. 

(6) Tension-and bend test specimens for cold-twisted bars 
shall be taken from the finished bars, without further treatment; 
except as specified in sec. 2 (6). 

12. Namber of Tests, (a) One tension-and one bend test shall 
be made from each melt of open-hearth steel, and from each melt, 
or lot of ten tons, of bessemer steel; except that if material from 
one melt differs % inch or more in thickness or diameter, one 
tension-and one bend test shall be made from both the thickest 
and the thinnest material rolled. 

(6) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 
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(c) If the percentage of elongation of any tension test specimen 
is less than that specified in sec. 8 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest 
shall be allowed. 

IV. PERMISSIBLE VARIATIONS IN WEIGHT 

13. Permissible Variations. The weight of any lot of bars shall not 
vary more than 5 per cent from the theoretical weight of that lot. 

V. FINISH 

14. Finish. The finished bars shall be free from injurious defects 
and shall have a workmanlike finish. 

VII. INSPECTION AND REJECTION 

15. Inspection. The inspector representing the purchaser shall 
have free entry, at all times while work on the contract of the 
purchaser is being performed, to all parts of the manufacturer's 
works which concern the manufacture of the bars ordered. The 
manufacturer shall afford the inspector, free of cost, all reasonable 
facilities to satisfy him that the bars are being furnished in accord- 
ance with these specifications. All tests (except check analyses) 
and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 

16. Rejection, (a) Unless otherwise specified, any rejection 
based on tests made in accordance with sec. 7 shall be reported 
within five working days from the receipt of samples. 

(6) Bars which show injurious defects subsequent to their 
acceptance at the manufacturer's works will be rejected, and the 
manufacturer shall be notified. 

17. Rehearing. Samples tested in accordance with sec. 7, which 
represent rejected bars, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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ORDERING MATERIAL 

General Instructions 

Structural steel for bridges, buildings and ships, steel reinforce- 
ment bars and open hearth boiler plate and rivet steel are rolled 
to permissible variations given in the specifications which precede. 
In cases of design which require close fitting, allowance should be 
made for such rolling variations so as to insure ample clesaance 
between abutting or interfitting surfaces. 

All dimensions given on profiles are theoretical. Wherever the 
profile applies to more than one weight of section, the dimensions 
are for the minimum weight. 

Weights of rails are given per lineal yard of section, but unless 
otherwise indicated, all other weights are per lineal foot. Sections 
having but one weight specified can be rolled only to the weight 
given. 

Structural Beams, H-Beams, Structural Channels, Shipbuilding 
Channels, Bulb Angles, Bulb Beams, United States Steel Sheet 
Piling, Tees and Zees should be ordered to weight per foot; Angles 
may be ordered either to weight per foot or to thickness. 

Orders for Plates should specify all dimensions in inches. 

Orders for Rounds, Squares and other Bar Mill Products 
should specify width and thickness in inches and the length in 
feet and inches. 

Rails, Ties and other track accessories should be ordered by 
section number and not by the weight per foot. The section 
number should also be specified on orders for all other sections. 

The Association of American Steel Manufacturers has recom- 
mended certain angle sections as standard for bridge, car, ship and 
general building construction, and quicker deliveries can be obtained 
by ordering these standard sizes and weights. Angles not standard 
are marked ** special' ' on the profile pages. 

In the calculation of the areas and weights of the various sections 
herein shown, the fillets have been disregarded in accordance with 
I the rules of the Association of American Steel Manufacturers. 

55 



"^ 



CARt^EQlE STEEL COMPANY 





g^ ^^VVkVkkkkkkkkkWk^mk^^^^^ 





,^^^mUULLlUmk<.k^akUk.AUW^<.kkl.kl.».U"<rW^ 




XVXVVWVVVNXNVV.WVVVVi>»JWNNN>.VVVV^XVVNVVVVVW>.WC 



The above figures show the method of increashig the sectional areas and 
weiglits of structural shapes. Cross hatched portions represent the minimum 
sort ions and the blank portions the added areas. 

In the case of Channels, I-Beams and Bulb Beams, the enlargement of the 
section adds an equal amount to the thickness of the web and the width of 
the flangt>s. In the case of Angles and Zoes, the effect of spreading the 
rolls is slightly to increase the length of the legs. Many of the sixes, however, 
are n>lUHl in finishing passes whereby the exact dimensions are maintained 
for different thicknesses. 

Inasmuch, howe>-er. as these passes are modified in the wear of the ndls, 
it is impracticable to state what the exact dimensions will be, except in the 
case of tlie minimum weight sections. Designers and detailers of structural 
work shi>ulil. then^fore. arrange for ample clearances. 
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mV 



AND CHANNELS 




BEAMS AND CHANNELS 

Common Dimensions . 

d 

SUPPLEMENTARY BEAMS 



JnU. 



b=>|— 1-3 0=3.82t— 0.10 

t =:0.01125d+0.12 p, computed 

n =0.01875d-h0.09 r=1.48t+0.02 
b— t 




m=n- 



12 



R=16.78t— 0.66 



Slope of Flange, 1:6==16%%=9°27' 42" 




STRUCTURAL BEAMS 



T 



n=^ninimuin web=t 
R==ininimum web + 0.10 
r = 1% minimum web 
JnU Slope of Flange, 1: 6=16%%=0O 27' 42" 





STRUCrrURAL CHANNELS 



J-L 




n=minimum web =t 
R=mlnimum web + 0.10 
r = ^ minimum web 
Slope of Flange, 1:6 = 16%% = 9° 27' 42" 



All dhnengiODB are in inehes and apply only to the minimum weight Beams or Channels. 

DimeneionB givoi for Structural Beams are those adopted in 1896, by the Association of 
Ameriean Steel Manufacturers and apply to all Beam Sections shown on the pages which follow, 
except tiie American Standard Beam Sections B 1,B2 and B3, Beam Sections B 24 and B81, and 
Supplementary Beams B 3 1 to B 38, inclusive. 

DimeosoDS shown for Structural Channels are those adopted by the Association of American 
Steel Manuiacturers and apply to all Structural Channel Sections csioev^ C^ 
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STRUCTURAL BEAMS 



S^ 




M 




0.208 '. 



00 



3.538 *=^. 



Section 
Index 



*B31 



Depth of 
Beam, 
Inches 



27 



♦Supplementary Beam. 



Weight 

per Foot, 

Pounds 



83.0 



Flange Width. 
Inches 



Decimal 



7.500 



Fractional 



rVi 



Web ThicknesB. 
Inches 



Decimal 



0.424 



Fractional 



J^ 
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. BEA\ 


IS— CoBtinu 


■d 






f* ''"* "* 


k- 7.1" "11 


; 


1 


. 


B24 ' 


■l 


I 


Bl 

- — -^_1 




: 


L— a^'— J|' il-AM'-J y 1 


"ss- 


Dtptho] 
Bauii. 
Incha 


Weight 


Flsngo Width, 1 


WtbThicknea. l 
Icctiis 




DocimBl 


Fmctlonai 


Dcciiml 


FrecUoniLl 


B24 
B 1 


34 


lOO.O 

8s!o 

80.0 


7:93a 
7.876 

7^070 


m 


oieBH 
aeae 

o!370 


II 
M 
A 
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STRUCTURAL BEAMS— Continued 




e«!EKm 


■£■' 


IS- 


Flu^eWkidi. 
IdcLm 


•■•'•,'2S- 




Decinul Fratlional 


I>»imjil 


FrutiaiiiJ 


•B32 


" 


67.5 


e-500 6H 


0.3S7 


u 



*Sijp|lleiiienUry Bum*. 
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STRUCTURAL BEAMS— CJontinued 



B81 



14.492 — 
10.662' 



T 



K" 



18' 



0.669 




8 



t.. 



B80 



15.207- 
; 0.460^ 



■18 




8 
to 




iJO.427 



•B34 



Section 
Index 



B81 



BSO 



♦R :u 



13.932 - 

: 0.322' 



Depth of 
Beam, 
Inches 



Weight 

Per Foot, 

Pounds 



18 



18 



18 



90.0 
85.0 
80.0 
75.0 

70.0 
65.0 
60.0 
55.0 

46.0 



T 



18 



Flange Width. 
Inches 



^.034 







Web Thickness, 
Inehes 



i Decimal 



7.245 
7.163 
7.082 
7.000 

6.259 
6.177 
6.095 
6.000 

6.000 



Fractional , Decimal I Fractional 



7H 
7,%, 

7^t 
7 

6 
6 



0.807 
0.725 
0.644 
0.562 

0.719 
0.637 
0.555 
0.460 

0.322 i 



*Supphmeat&ry Beam. 



H 

tk 

il 
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STRUCTURAL BEAMS— Continued 



*"~ 







0.8W* 




B6 ' 

- 11.749 ' >| 

i 0.590 " 



-15^ 

B7 



rt- 12.4e8'' i^. 



± 



0.410' 



-15'- 





B 35 



0.371 



tt 



-11.880--- 
40.289 



T 



15' 




Section 
Index 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Poiinda 


FlariKe Width, 
Inches 


Web Thickness, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


B 6 

B 7 
*B35 


15 

15 
15 


76.0 
70.0 
65.0 
60.0 

55.0 
50.0 
45.0 
42.0 

36.0 


6.292 
6.194 
6.096 
6.000 

5.746 
5.648 
5.550 
5.500 

5.500 


6iS 

6A 
6 

5U 

582 

. 5H 


0.882 
0.784 
0.686 
0.590 

0.656 
0.558 
0.460 
0.410 

0.289 


H 
18 

H 
if 

H 
A 

if 



t Supplementary Beam. 
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^r 


Bmoi, 


£«, 


^Ti™"*' 


™,SS~' 




I^lninl 1 Tnntion^ 


Dodmil 


rr>ct;<m.l 


B S 
B 9 

•Ban 


12 


65,0 

4o!o 

35.0 
31,.5 
27.5 


5-011 Sjl 
5:250 sU 
6.000 6 


11 

0.2ES 


a 



BEAMS 



I 



I 

I 
I 



x_ 




STRUCTURAL BEAMS— Continued 

Bll 



& 



-7.959- 



40.810' 



— iO- 



*B37 



-7.126 - 
10.232^ 



•10 



0.310' 



— ■** 




0.277 



1.437/ . 3 



SI:o.3r 



COi 




1 0.647 



tf 



■*!J^.290' 




Section 
Index 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 


Bll 

♦B37 
B13 


10 

10 
9 


40.0 
35.0 
30.0 
25.0 

22.0 

35.0 
30.0 
25.0 
21.0 


6.099 
4.952 
4.805 
4.660 

4.670 

4.772 
4.609 
4.446 
4.330 


5A 

4}i 
45i 

Hi 

4|f 
•4iS 

m 
4a 


0.749 
0.602 
0.455 
0.310 

0.232 

0.732 
0.569 
0.406 
0.290 


if 

H 

a 



* Supplementary Beam. 
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STRUCTURAL BEAMS— Continued 

1 rOJ870' 




S3 



I 
I 



CO 



±_. 



» 



*B38 

--5.426- — 
; 0.210" 



1.287 J 



T 



S;o.?3^' 



: 0.240 



o 
-H lo.583' 



J 
I 

...J 



-8' 



B17 



1 ro.250' 



K- 5.339 



iO.2.50'^ 



7'- 




Section 

TTlHf>T 


Depth of 
Beam, 
Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 




Decimal 


Fractional 


Decimal 


Fractional 


B 15 

♦B38 
B 17 


1 
8 

8 

7 


25.5 
23.0 
20.5 
18.0 

17.5 

20.0 
17.5 
15.0 


4.271 
4.179 
4.087 
4.000 

4.330 

3.868 
3.763 
3.660 


4il 

4H 

4 

4§i 
3K 

04 9 

35i 


0.541 
0.449 
0.357 
0.270 

0.210 

0.458 
0.353 
0.250 


\\ 

SI 

H 
H 



* Supplementary Beam. 
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STRUCTURAL BEAMS— Concluded 



I 
I 
I 



±_- 



8 

I 
I 



1.- 



B 19 



K 



4.465- — 
4 0.230^ 







B21 



m 3.539' 

^0.210" 



0.31" 



1 >' m 

1 0.210* 



0.143' 



\ 2 

|.13'*J— i 



s ^ 

1/ 



B23 

-2.717----^ 



0.29 



*| 1*0.190' 




B77 

i«— 4.S43-*! 
,0.170! 



'*'|0.I70' 



0.350' 



k 4^ -^ 



i / ^11 

±._U 0.10*^-^ 



Section 
Index 



B19 



B21 



B23 



B77 



Depth of 
Beam, 
Inches 




Weight 

per Foot, 

Pounds 



17.25 
14.75 
12.25 



Flange Width, 
Inches 



Decimal 



3.575 
3.452 
3.330 



Fractional 



331 
32i 



Web Thickness. 
Inches 



Decimal 

0.475 
0.352 
0.230 



Fractional 
it 



14.76 


3.294 


3AS 


0.504 


,^ 


12.25 


3.147 


3^f 


0.357 


w 


9.76 


3.000 


•^ 


0.210 


w 


10.5 


2.880 


2% 


; 0.410 


\\ 


9.5 


2.807 


213 


! 0.337 


\\ 


8.5 


2.733 


2.\I 


1 0.263 


\\ 


7.5 


2.C60 


28i 


1 0.190 


^ 


7.5 


2.521 


23? 


0.301 


w 


G.5 


2.123 


281 


0.263 


« 


6.6 


2.330 


281 


i 0.170 


I i\ 



A 
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CARNEGIE STEEL COMPANY 



H-BEAMS 




» I o^^9 J 



Section 

T_ J„_ 


Depth of 
Beam. 


Weight 
ner Foot. 


Flange Width, 
Inches 


Web ThickneiB, 
Inches 


^^«* Inches Pounds 

1 


Decimal , Fractional 


Decimal 


Fraetiosal 


H 4 
H 3 
H 2 
H 1 


8 34.0 
6 23.8 
5 1 18.7 
4 13.6 


8.000 
6.000 
5.000 
4.000 


8 
6 
5 

4 


0.376 
0.313 
0.313 
0.313 


H 
A 



H-Beams shown on this sheet are particularly adapted for use in inside mine timbering. Fall 
information as to their properties and uses is given in separate pamphlets entitled "Steel Mins 
Timbers." 
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BULB SECTIONS 










BULB BEAMS 


^'n 


^'t 


„ u 


"A •"■" < ti 


"'i 




"^ 


r 




-y 


•BlOl 


n^^ 


W 






, ... \ 




K' 


/ 


N 


^ 


r 

^.4 


^ / 


"T 


J 


il 


-^ 'BIO' 


y 


i 






It. 








.B103 ^^ 


1 


J 














/ 


VJ 


f / 


•y«^ 


/ 
















y 


\ 






I 




•rf 


Ki 


bi! 


F^cce WidtJi, 
InrhEl 


WebThickDaB, 


far 


SS 






Pminda 


Dccim&l 1 Fraittiaiial 


D«imi] 


FtKUonal 


pouiuip 




•B IOC 
•B 10 
•B lOS 
•B103 
•B 10 


B 


3( 
15 


a 


2 


siias 
s'.ooo 


4>S 


C 

J 

t 



503 
il3 

430 

2R1 


H 
H 
A 

A 
A 
A 


COM 
0.043 


' 


Puniiih«lonlyb,5p«i» 







CARNBQIE STEEL COMPANY 



BULB ANGLES 



-4 



iQ=^ 






.v_iSL. 



4 







PB-Fool 


"XE"' 


""S^^- 




iDohlfl 








DaJmol FMurliDim] 


IfcciBll 


FwjtouJ 


*B130a 


10 


32 




0B25 


H 


•a 130 








O.IM. 











3,500 an 


0.438 


A 


•B132 


a 


1B,3 


3.500 3M 


0.406 




•BMl 






















•B140 






3.000 3 


0.3M 


tt 



* FurmBhnl orJy by spi 



BULB SECTIONS 



BULB ANGLES—Continued 



r*:«i' 




K c^ 



*B135 



r 



!L_ 





K>!% 



%i' 






















*B 137 




1 


\ 6/' 


A 




+ V 






'"f 


1 

w- — 


rj'L 1_ 


——1 


^ 



Section 
Index 


Depth, 
Inches 


Weight 

per Foot, 

Pounds 


Flange 
Inc 


Width, 
hes 

Fractional 


Web Thickness, 
Inches 


Decimal 


Decimal 
0.500 


j Fractional 


*B 134 


6 


lT.;i 


3.000 


3 


, 1-2 


*B 142 


6 


15.0 


3.000 


3 


0.406 


^%2 


*B 135 


6- 


13. S 


3.000 


3 


0.375 


% 


*B 136 


6 


12.4 


3.000 


3 


0.313 


I yio 


*B 137 


5 


10.0 


2.500 


2li 


0.313 


' ')U 



* Fumiflhed only by special arrangement. 
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CARNEOI 


E 


STEEL COMPANY 










BULB ANGLES— Concluded 


1 


_^r. 


■*"' 1 


p-- 








•B143 • 


B144 












L^: 


. ..<- r\% -rrx 


-^- . 














L 


, 






- 












■ 


jc ! 




•B 145 .1 


•B146 


... 


•B 117 


't 




•:t 




[- 


, i..»- n^ 




..e- /IX 


-. 


.,..• /!'■! 






■ ,- i 






J 1 


-.«-- 


i 


^-■ 


' 






'i 




•B 124 r'«'-^ 




! 






J\% 


















. 


p 


r' 










*B122 


•B123 


1 


V 




'.!. 




' At:? rtA 




" 


/' 


. ;«' ; / 


? >! V 










--- 


%^ 












L — 














WtbTbiekne 




Bertum 
India 


a 


•P^ 






DenmiU | IWliui^ 


Dcdim.] 


I>«lio».l 


•B 113 


6 


B/i ' 2.500 


m 


0.240 


li 


•B Hi 


4]^ 








2hi 


0.220 


% 


•D US 3 


3-00 








0.190 


«. 




3.25 




750 


IH 




Hi 








500 IW 


0.160 


Hi 


•D 124 S 13,2 






0.375 


M 


•D 122 4 14.3 1 S 


500 3W 




H 




ii.o a.,-™ 1 S}4 


0.376 


" i 


•Fu 


""-'■ 


lyhy,po.i.l 


™ 


■«™«"- 





CHANNELS 




STRUCTURAL CHANNELS 



0.2*^ 



» -3.40- H 




K 4.00- 



S6CtlOIl 

Index 



Depth of 

Channel, 

Inches 



Weight 

per Foot, 

Pounds 



Flange Width, 
Inches 



Web Thickness. 
Inches 



Decimal Fractional ' Decimal ' Fractional 







55.0 


3.818 


312 


0.818 


U 






50.0 


3.720 


3M 


0.720 


U 




9 


45.0 


3.622 


0.622 


H 


Ol 


15 


40.0 


3.524 




0.524 


4i 






35.0 


3.420 


0.426 


2 7 
a t 






33.0 


3.400 


3i3 


0.400 


.U 




' 50.0 


4.416 


4aI 


0.791 


ill 






45.0 


4.303 


4i:i 


0.(>78 


■1 1 


O20 


13 


40.0 


4.190 


4,'e 


0.505 


la 






37.0 


4.122 


4H 


0.497 


li 






35.0 


4.077 


4«\ 


0.452 








32.0 


4.000 


4 


0.375 
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CARNEQIE STEEL COMPANY 



STRUCTURAL CHANNELS— Continued 



tt 


DrpUlDl 


Fcmnd. 


FbrnitlVidlh, 


'■'es-' 


DucimBl 1 FrKti^l 


DQeinBl 


ft«&ma 






10 


3.418 3:i 


0.758 


f! 






35.0 


3.20B 3Ji 






OS 




30.0 


3-173 3!1 


0.513 


11 








3-050 3A 




11 






20,5 


a.WO 21i 


0.280 


A 






35.0 


3.1S:) 3 A 


o.az3 


El 






30.Q 


3.0a(l 3,', 


0.870 


II 


03 


10 




2.SSQ ■ 2SI 


0.529 


il 










0.3B2 


H 






15.0 


2,000 a: J 


0-240 


11 



CHANNELS 



STRUCTURAL CHANNELS - Continued 




C4 

7.247- 

10.230'' 



— 9' 





~^, '*0.220* 



C5 



-6^8' 



X 0.220' 





C6 



-6.429 



X 0.210' 



'0.210' 

I 
(I 

o 

SB 



0.523' 



Section 
Index 



C4 



06 



06 



Depth of 

Channel, 

Inches 



9 



8 



Weight 

per Foot, 

Pounds 



25.0 
20.0 
15.0 
13.25 

21.25 
18.75 
16.25 
13.75 
11.25 

19.75 
17.25 
14.75 
12.25 
9.75 



Flange Width, 
Inches 



Decimal 



2.815 
2.652 
2.488 
2.430 

2.622 
2.530 
2.439 
2.347 
2.260 

2.513 
2.408 
2.303 
2.198 
2.090 



Web Thickness, 
Inches 



Fractional Decimal Fractional 



2ig 0.615 

2U 0.452 

2gi 0.288 

2i^6 0.230 

i 

2% 0.582 

2i5 j 0.490 

2i^tf ' 0.399 

2ii 1 0.307 

2JI 0.220 



2U 0.633 

25.} 0.528 

2n 0.423 

21% \ 0.^\% \ 

1^ \ ^flX^ 



n 
u 



hi 
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CARNEQIE STEEL COMPANY 



STRUCTURAL CHANNEI^— Concluded 



* T\oi2 



s . 




C7 



^ 4-518'- 

0.30" 



1 'OJOO' 

" A 



o 
I- 



iJ_^ 



0.200' 




0.487* 



^ c- » 



-r^0.1l 




08 



3.600- ». 



0.190* 



-^ '0.450' 



■^ 5*!. -> 



C 9 0.180' 

g \ , 2.700-— -> / I 

^-^ ^ ' 0.413* 



I, 4" ^ 



C72 



.T" 



; 0.170 



>a' 



* > jt T a o- 

L — ,-— . 



0.377* 



Section 
Index 



C 7 



C 8 



C 9 



C72 



Depth of 

Channel, 

Inches 



6 



Weight 

per Foot, 

Pounds 



Flange Width, 
Inches 



Web ThicknesB, 
Inches 



15. o 

13.0 

10.5 

8.0 

11.5 
9.0 
6.5 

7.25 
().25 
5.25 

0.0 
5.0 
4.0 



Decimal Fractional I Decimal ' Fractional 



2.283 
2.160 
2.038 
1.920 

2.037 
1.890 
1.750 

1.725 
1.652 
1.580 

1.602 
1.504 
1.410 



2>; 

U1 






1a? 

1 '•^~ 



Ian 
n I 

li3 



0.563 
0.440 
0.318 
0.200 

0.477 
0.330 
0.190 

0.325 
0.252 
0.180 

0.362 
0.264 
0.170 



1« 

7 
1* 

K 
1* 

u 



n 
n 

u 

H 

a 
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CHANNELS 



SHIP BUILDING CHANNELS 








—* ^- m 








: 1 0.650' 


T 

1 
1 


t: 


0.30' 








1 


1 

1^ 








C170 






t^l 


*^ 














«9 

1 






- 9fi%" 






1 
1 


1 

1 
1 


Ho.50" 




i 0.473' 


1 


1 

I 


i 




0.760' 




1 

k- 




1 


1 

>l 








; 0.548*^ 


1 


t 


I..., 


0.425' 




• 





r 




C 


5 








C 171 


a 
o 


d 


• 


•«J« 










Vi 




»l 


T' 










__Q CQfl^ 








• 

0.652* 





9 


t 


0.600' 




«7.0oD 

1 0.440' 




u. 


t 1 










■ 


1 

1. 


...... 




._.42^-— i 


. _ . . y 










* l« — H 








1 1 0.600^ 


#•— r 

1 

1 


"^0.30' 






\^ 


1 


I 
1 






C160 






O 
3 


n 












1 

CO 


CO 


i< 





--7.824- 


— >1 




1 


1 


f— i 0.40* 






1 


1 


1 
1 


\ 1 — • »' 




10.447^ 


\J. - 


. Jr 


JL . 




0.700" 


1 






'^ 




K 




10- 






)1 








Section • 
Index 


Depth of 

Channel, 

Inches 


Weight 

per Foot, 

Pounds 


Flange Width, 
Inches 


Web Thickness, 
Inches 


Decimal 


Fractional 


Decimal 


Fractional 






50.0 


4.140 


4%4 


840 


^%2 






48.4 


4.100 


4%2 


0.800 


"Vol 


O 170 


12 


46.3 


4.050 


4^84 


0.750 


% 


44.3 


4.000 


4 


0.700 


*%4 






40.0 


3.895 


3''.%4 


0.595 


1%3 






35.0 


3.773 


34%4 


0.473 


1%2 






40.8 


3.700 


3*%4. 


0.700 


*%4 


O 171 


12 


37.2 


3.610 


330/w 


0.610 


8%4 


32.7 


3.500 


3H 


0.500 


H 






30.2 


3.440 


S^/ie 


0.440 


^V« 






40.0 


4.091 


4%3 


0.741 1 4Tk 






36.9 


4.000 


4 


0.650 


-'V32 


C 160 


10 


34.4 


•3.925 3C/»4i 


0.575 ' 87/84 






31.8 


3.850 1 3 2-f,o 


0.500 


H 






30.0 1 


3.797 1 3C1/04 


0.447 


2%4 
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CARNEQIE STEEL COMPANY 



1" 

CO 

I 



SHIP BUILDING CHANNELS— Continued 



i_- 



0.30* 




- 0.40' 



0150 



8.128 



i 0.475* 



H 







I 

eo 

I 



^0.30' 



0150 b 



<_ 8.279 -> 

^'^^" 10.375' 



10' 



0.406' 



eo 

I 
I 



0.469' 



— > 



Section 
Index 



C 150 



f"' 

1 

1 


-i 


0.30" 






1 


1 

1 

• 

00 

1 






O140 


g 




1 
1 

1 




^^ 0.40" 


x0.450" 


■J 


L.l 











10 



O 150b 



C 140 



10 



9 



0.600* 

I 
I 

I 



eo 



0.700* 



Depth of ' Weight 
Channel, per Foot, 
Inches i Pounds 



Flange Width, 
Inches 



Web Thickness, 
Inches 



Decimal , Fractional , Decimal , Fractional 



33.2 
30.0 
28.9 
27.2 
26.4 

2S.5 
2G.0 
24.3 
22. G 
21.7 



3.675 
3.600 
3.550 
3.500 
3.475 

3.575 
3.500 
3.450 
3.400 
3.375 



35.5 


4.025 


31.7 


4.000 


31.7 


3.900 


28.6 


3.800 



31%2 
33%4 

3 1 Ok' 

3«-{u 
3 !4 
3-'»iu 
31:'?,:: 

4y32 
4 

3-'%2 

3BVe4 



0.675 
0.600 
0.550 
0.500 
0.475 

0.575 
0.500 
0.450 
0.400 
0.375 

0.675 
0.650 
0.550 
0.450 



1%2 



'A 



'/'S2 



H 
^%4 
1%2 

Vs 

2%4 
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CHANNELS 



SHIP BUILDING CHANNELS—Continued 



fi:^ 



CO 



t._ 



0.30' 




-■»i 

I 
I 



C130 



6.262 



' 0.415' 



r 0.475" 



8' 



T- 
I 



eo 



6.525' 



U5 

cvi 



Y.-i 




8 

CO 



8 



rd.374' 



ff 

I 
I 

I 



0.578 



' 1 


0.30'^ 


C120 




r- 




0.35" 


5.262" 

• 0.400' 

















I 10.475* 

T 



eo 

I 

I 
I 

I 

0.525' 



i — 



X 



Section 
Index 



G 130 



C 131 



C 120 



' Depth of 
Channel, 
Inches 



8 



8 



Weight 

per Foot, 

Pounds 



27.2 
2G.5 
25.2 
23.8 
21.5 



Flange Width, 
Inches 



Web Thickness, 
Inches 



Decimal Fractional Decimal Fractional 



3.625 
3.G00 
3.550 
3.500 
3.415 



31%:. 
33%i 
3?^ 



0.G25 
O.GOO 
0.550 
0.500 
0.415 



21.0 


3.000 


3 


0.409 


17.0 


2.H75 


2'-« 


1 0..344 


21.5 


3.000 


31":W 


0.(>00 


23.3 


3.550 


3»-'i,i 


' 0.550 1 


22.1 


3.500 


3 ' 2 


0.500 


20.0 


3.450 


3-'»,u 


0.450 , 


19.7 


3.400 


3i--«;{2 


0.400 i 



1%2 
3%4 

'A 



1-2 
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CAI^NEQIE STEEL COMPANY 



SHIP BUILDING CHANNELS— Continued 



r 



CO 

•6 

I 



I 

X-. 



"1 fcj75'' 



'"^0.19' 






r- 






C121 








0.35" 


5.402^ 

1 0.313*' 


"A 















fcl 



eo 

I 
I 
I 



0.423' 



—^ 



-i! ►- 



I 






t 



,0.30 




-'O '}■ 



0.25 



C 110 



-4.451 



i 0.410 



T 




;0.460 



eo 



0.530 



r— 



eo 



!\0.30 



ti 



^.25* 



C 109 



^ ir 
10.340 



n 



-- 4.691 ^1 



i 0.a50 



LI. 



I 
I 
I 

I 

I 
I 
I 
I 

I 
0.410 



j^ g' 



I 



Section 
Index 


Depth of 
Channel, 


Weight 
per Foot, 


Flange Width, Web Thickness. 
Inches | Inches 


Inches 


Pounds 


Decimal 


Fractional | Decimal 


Fractional 


C 121 

C 110 
C 109 


7 

6 
6 


21.9 
18.6 
16.5 
15.6 

21.5 
19.0 

15.0 


3.575 
3.438 
3.350 
3.313 

3.085 
3.560 

3*500 


33%4 

3Tio 

3 1^32 
3%6 

3 Hie 
3«h« 


0.575 
0.438 
0.350 
0.313 

0.535 
0.410 

0.350 


8%4 

•'Ao 

1%2 
1V&2 
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CHANNELS 



SHIP BUILDING CHANNELS— Concluded 



0.25 




€107 



_h' ;; 4.0S4 *) 



0.50 



4 0.S13 



T 



I i0.2S0 




0.500 



6" 5^ 



I 

ec 
o 

el 



0.16' 



1 !^..^ 




€108 



;*--- 4.390 H 



0.34 



A 



0.313 



» I 



303 

I 
I 

s 

0-1 



0.488 



6* — 



CAR CHANNELS— STRUCTURAL SIZES 



— •♦i I*- 

! '0. 



11:^0.25'' 






C106 



, ........... 



4.265* 



406 



a 



eo 



'U.-^.-.* 



/. 
I 
I 

o 

I 



"^ 



0.19' 



*C200 

h — 2.665" — ^ 



0.469 

o 

■SI 

__i 
0.531* 



0.500" 



4 », 






i 



I 



1__ 



lO.lS* 

*C190 



p- 1.660*'-H 

:io.25* .0.2^!!^ I i ^ 



0".313* 



* C 112 



CO 



0.438 



«1_ 



f 3* H 



V 



"^ H0.344' 



j0.j75lf;JQ3^g> 



r 1 

, 4 -^ 



Section 
Index 


Depth of 

Channel, 

Inches 


Weight 
per Foot, 


Flange Width, 
Inches 


Web Thickness, 
Inches 


Pounds 


Decimal 


Fractional 


Decimal Fractional 


C 107 
O 108 

*C 106 
*C 200 
*C 190 
*C 112 


6 
6 

4 
3 

4 


18.1 
13.0 

17.0 
12.5 

17.0 

13.6 

7.1 

6.4 


3.063 
2.813 

2.781 
2.563 

3.500 

2.500 

1.984 

0.875 


3Me 

2^16 

22%2 
2'Kio 

3H 

2H 

l«^(w 


0.563 
0.313 

0.531 
0.313 

0.375 

0.500 

0.250 

0.375 


1V82 



* Furnished only by special arrangement. 
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CARNEQIE STEEL COMPANY 

EQUAL ANGLES 



A 113 

to 
A 103 



A86 

to 

A8S 



-^T" 



"AM 

ta 

'A 17 





s 














































a 


A 


































































t 


3 



ANGLES 



EQUAL ANGLES— Continued 



Y-. 



-'% 



T 



v^' 



* A18 

to 
*A284 



^ 

^ 



t...lf 






* A 26 

to 
*A285 



r 3 *; 

^ J 



eo 



t-..U 



*A34 
to 

A 40 



Section Index 


Size, 
Inches 


Thickness, 
Inches 


Weight per Foot, 
Pounds 


*A 18 


4x4 


H 


19.9 


A 19 


4x4 


H 


18.5 


A 20 


4x4 


ii 


17.1 


A 21 


4x4 


Vs 


15.7 


A 22 


4x4 


A 


14.3 


A 23 


4x4 


H 


12.8 


A 24 


4x4 


A 


11.3 


A 25 


4x4 


H 


9.8 


A 90 


4x4 


t\ 


8.2 


*A284 


4x4 


H 


6.6 


*A 26 


3)^x3H 


U 


17.1 


*A 27 


ZH X 33i 


K. 


16.0 


*A 28 


3H X 'ili 


\k 


14.8 


A 29 


S'A X 3H 


% 


13.6 


A 30 


3H X 3H 


n 
1« 


12.4 


A 31 


33^x33-^ 


H 


11.1 


A 32 


Sy2 X 33^ 


Tb 


9.8 


A 33 


33^x33^ 


H 


8.5 


A 99 


33-^x33^ 


A 


7.2 


*A285 


3Hx3H 


M 


5.8 


♦A 34 


3x3 


^ 


11.5 


*A 35 


3x3 


A 


10.4 


A 36 


3x3 


H 


9.4 


A 37 


3x3 


/« 


8.3 


A 38 


3x3 


^ 


7.2 


A 39 


3x3 


A 


6.1 


A 40 


3x3 


K 


4.9 



* Special, see page 65. 



88 



CARNEQIE STEEL COMPANY 



EQUAL ANGLES—Conc 


r* 2H" ^ - --- 2'-, 

X— T « . .---.* 1 ; 


4 


r ^ ^v i 


r ^ ^" 




*A46 ^<N *A56 

to to 
♦A 504 ij *AB06 


r i i ...i 




f 

* ! 

1-1 

T...i 


V* 

*A^66 7 

to ^-^ 

A 102 


*A70 
* to 
*A73 



1_J 






I...U 



T 



H 



* A61 
to 

*A507 




Section Index 



Sise. 
Inches 



ThickneflB, 
Inches 



♦A 46 
A 47 



A 
A 
A 



48 
49 
50 



A 100 
*A604 

♦A 56 
A 57 



A 
A 
A 



58 
69 
60 



♦A 506 

♦A 61 
♦A 62 
*A 63 
♦A 64 
♦A 65 
♦A 507 

*A 66 
A 67 
A 68 
A 69 
A 102 



2Hx2i^ 
2Hx2>4 
2Hx2H 
2Hx2H 
2Hx2H 
2Hx2H 



2 
2 
2 
2 
2 
2 



X 
X 
X 
X 
X 
X 



2 
2 
2 
2 
2 
2 



iMxlM 
IM X 1% 
iMxlM 



IH 
1^ 



♦A 


70 


*A 


71 


*A 


72 


*A 


73 


*A 


78 


*A 


79 


*A 


80 



IHx 
IMx 
l^x IH 
VAxlVi 
VAX UA 

IHxVA 
IMxlM 
IM X IH 
VAxlH 

1x1 
1x1 
1 x 1 



P. 

A 
H 

H 

h 
H 
A 
H 

H 

A 
A 

A 
A 

>^ 
A 



Weight per Foot. 
PouimUi 



7.7 

6.8 

5.9 

5.0 

4.1 

3.07 

2.08 

5.3 

4.7 

3.92 

3.19 

2.44 

1.65 

4.6 

3.99 

3.39 

2.77 

2.12 

1.44 

3.35 
2.86 
2.34 
1.80 
1.23 

2.33 
1.92 
1.48 
1.01 

1.49 
1.16 
0.80 



Special, see page 55. 



84 



ANGLES 



UNEQUAL ANGLES 






J A 



oo 



fKfl 



* A138 

tX) 

*A139 



u 



L 



00 



1L..U 



Cw^ 



Z)V 



*A 320 
to 

*A 329 



t...U 



^TTFT 



-} 



%' 



* A 150 
to 

*A310 



Section Index 



♦A 138 
*A137 
*A136 
*A135 
*A134 
*A133 
*A132 
*A131 
*A130 
*A139 

*A320 
*A321 
*A322 
*A323 
*A324 
*A325 
*A326 
*A327 
*A328 
*A329 

*A150 
*A151 
*A152 
♦A 153 
♦A164 
♦A166 
♦A166 
♦A167 
*A158 
*A 159 
*A310 



Siae, 
Inches 



8 
8 
8 
8 
8 
8 
8 
8 
8 
8 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



6 
6 
6 
6 
6 
6 
6 
6 
6 
6 



8 x3H 

8 x3H 

8 x3H 

8 x3H 

8 x33^ 

8 x3H 

8 x3H 

8 x3H 

8 x3H 

8 x3>^ 

7 x3H 

7 x3i^ 

7 x3i^ 

7 x 31^ 

7 x3i^ 

7 x3J^ 

7 X 3>^ 

7 x3H 

7 x3H 

7 X 31^ 

7 X 3^ 



Thickness, 
Inches 



7% 






A 



ft 

7 
J® 

k 



Weight per Foot, 
Founds 



44.2 
41.7 
39.1 
36.5 
33.8 
31.2 
28.5 
25.7 
23.0 
20.2 

35.7 
33.7 
31.7 
29.6 
27.5 
25.3 
23.2 
21.0 
18.7 
16.5 

32.3 
30.5 
28.7 
26.8 
24.9 
23.0 
21.0 
19.1 
17.0 
15.0 
13.0 



* Special, see page 55. 



85 



CARNEGIE STEEL COMPANY 



UNEQUAL ANGLES— <:k>ntmued 



ji.. 



r 



lXJ 



% 



W 



•A 89 
to 

A 168 



■1 



' -^ y 






4'- 



■^ 



c 



\J 



W^ 



♦A 92 

to 
*A301 






*A178 

to 
*A186 



:? 



Soctiun Index 


♦.\ 80 


♦A 01 


A \m 


A 101 


A HV2 


A io:i 


A \y\\ 


A HW> 


A UW 


A 107 


A UW 


♦A 02 


*\ Wl 


A IrtO 


A 170 


A 171 


A 17 J 


A 17a 


A 174 


A 1 1 .> 


A 176 


A 177 


*\:UU 


*.V 17S 


*\ I7l> 


♦\ lSi> 


*\ ISl 


*V IS> 


*.V is:? 


* V IS4 


* V 1S,N 


* V IS6 



Siie. 


Inches 


« X 


4 


(i X 


4 


(i X 


4 


« X 


4 


« X 


4 


« X 


4 


X 


4 


« X 


4 


K\ X 


4 


« X 


4 


« X 


4 


(\ X 


34 


X 


«'1I 


<S X 


3»^ 


X 


34 


«i X 


34 


«\ X 


a^n 


«^ X 


ii^n 


X 


:<4 


«i X 


«t^% 


<» X 


34 


t> X 


34 


0» X 


i^4 


^ X 


4 


,% X 


4 


7> X 


4 


^ X 


4 


,% X 


4 


5 X 


4 


,'-» X 


4 


.> X 


4 


,> X 


4 



Thickness, 
Inches 



w 



1<V 






IJ 



. 4 

4 
H 

\l 

'A 






Weight per Foot, 
Founds 



30.6 
28.9 
27.2 
25.4 
23.6 
21.8 
20.0 
18.1 
16.2 
14.3 
12.3 

28.9 
27.3 
25.7 
24.0 
22.4 
20.6 
18.9 
17.1 
15.3 
13.5 
11.7 
9.8 

24.2 
22.7 
21.1 
19.5 
17.8 
16.2 
14.5 
12.8 
11.0 



' .'^■rt.. «v r«vr Mk 



UNEQUAL ANGLES— Continued 



r 


A^^^— (.. 








■i-^ *M.' 


rT 




a 1 




•A 187 
to 
A 96 


VV- r- 


•A204 

to 
•A 97 


zzi^irz^ 


1 


•A 196 V 

to ^ 

A280 j 

[- 


•A212 

to 
•A 98 



SectioD iDdn 


Si». 


Thicfcn™, 


W^ht p« Foot, 




Inches 


India 


PoimdB 


*A 87 


I 3H 


H 


22.7 


♦A 88 
A 89 


i li 


^ 




A 90 




% 


1 .3 


A 91 










^ 




4 93 




1 :e 


A19i 




fe 


12.0 


Aias 






A 96 


j3H 


A 


8:7 


;a M 




a 








H 




A 08 


6x3 


H 


7:1 


■A 99 


s I a 


5i 


5.7 


A 00 




^ 




A 201 






A 202 


5x3 


,? 




A 203 


5 I 3 


H 


9,8 


A 280 








*A204 


4" It T 


^ 


18.5 




4! X 3 


7-3 






^ 


a.o 






4.7 




4; n 3 


,^ 




•A 209 




H 


I. 


JA210 




^ 


0. 








•A 07 


4!-j X -.i 


ft 


7. 


JA212 




):i 


18.5 






?i 








n 




•A 215 




A 




;A216 




;i 


i;t,3 




4 I 3^4 


5^ 






■V 




•A21B 




% 




•A 98 




■'. 





CARNEQIE STEEL COMPANY 



UNEQUAL ANGLES— Continued 



t.-.U 



*A 220 
to 

*A 283^! 



:3> 



s 



t... 



(C-i-V 



T^ 



I 
I 



* A 229 

to 
*A286 






I.. 



2M" , 



f^«/i6 '^^ r 2H' 



*A 238 : 
to . 
A245« 



i. 



:> 



• «/i6 '^ r—" 2- 



♦A252 

to 
A257« 



t.- 



*A258 

to 
♦A262 



Section Index 



*A220 

*A22l 

*A222 

A 223 

224 

225 

220 

227 

228 



A 
A 
A 
A 
A 



*A283 

*A229 
*A 230 
*A231 
*A232 



A 
A 
A 
A 
A 



233 
234 
235 
236 
237 



*A2S6 

*A238 
*A 239 
*A240 
A 241 
A 242 
A 243 
A 244 
A 245 

♦A 252 
*A 253 
A 254 
A 255 
A 256 
A 257 

*A 258 
*A 259 
*A 260 
*A 261 
*A 262 



Sise. 
Inches 



4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

3}^ 

3^2 

3H 
3V^ 
3»^^ 
31^ 

3?2 

31^2 

3^ 
3>^ 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 



3 
3 
3 
3 
3 



3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

2\i 
24 
2.4 
2H 
2H 
24 
21-^ 

2^/1 



3 X 24 

3 X 24 

3 X 24 

3 X 24 

3 X 24 

3 X 2H 



X 
X 
X 
X 
X 



2 
2 
2 
2 
2 



Thickness 
Inches 



I 



% 



% 



H 



Weight per Foot, 
' Pounds 



17.1 

16.0 

14.8 

13.6 

12.4 

11.1 

0.8 

8.5 

7.2 

5.8 

15.8 

14.7 

13.6 

12.5 

11.4 

10.2 

9.1 

7.9 

6.6 

5.4 

12.5 
11.5 
10.4 
9.4 
8.3 
7.2 
6.1 
^9 

9.5 

8.5 
7:6 
6.6 
5.6 
4.5 

7.7 
6.8 
5.9 
5.0 
4.1 



♦Special, see page 55. 



88 



ANGLES 



UNEQUAL ANGLES—Concluded 



:-— -2' 



4" 

I 



I 
I 
I 
I 



X..-V 



T 



H 



*A264 

to 
*A523 



--- 1 % -*i 

i 



OI 



X....U 



■) 



* A610 

to 

* A612 






i 



*A270 

to 
*A275 



ca 



-.-.1%--*, 

* A 631 
to 

*A525 



M 



*A646 

and 
*A645 



4" 

I 
I 



-1V4- 

L 



*A618 
to 

♦A620 



r*-lV4 






n 



*A670 
to 

*A624 



Section Index 


Size, 
Inches 


Thickness, 
Inches 


Weight per Foot, 
Poundfl 


*A264 


2Hx 2 


H 


6:8 


*A265 


2Hx 2 


A 


6.1 


A 266 


2Hx 2 


H 


5.3 


A 267 


2Hx 2 


^ 


4.5 


A 268 


2^x 2 


H 


3.62 


A 260 


2^x 2 


^ 


2.75 


*A623 


2^x 2 


H 


1.86 


♦A610 


2MxlM 


^ 


3.92 


♦A611 


2Hxl^ 


H 


3.19 


;A612 


2^xlH 


A 


2.44 


♦A270 


2MxlH 


H 


5.6 


*A271 


2HX IH 


A 


5.0 


♦A272 


2Mxli^ 


H 


4.4 


*A273 


2MxlH 


A 


3.66 


♦A274 


2MxlH 


Ji 


2.98 


*A276 


2MX1H 


tk 


2.28 


♦A631 


2 xlH 


% 


3.99 


*A614 


2x1^ 


A 


3.39 


*A615 


2 xlH 


M 


2.77 


♦A616 


2 xlH 


A 


2.12 


♦A525 


2 xlM 


H 


1.44 


*A646 


2 xlM 


H 


2.55 


♦A 645 


2 xlM 


A 


1.96 


♦A 618 


IMxlM 


Ji 


2.34 


♦A619 


IH^lH 


A 


1.80 


♦A620 


iHxlH 


H 


1.23 


♦A 670 


VAxlH 


A 


2.69 


*A623 


lHxl>i 


M 


2.13 


*A624 


l>^xlK 


A 


1.64 



* ^;)eoial, see page S6. 



89 



CARNEQIE STEEL COMPANY 



EQUAL TEES 



*-. r<- 




^W 




'i\i^ 







L..U 



l-J^ 



T2 



' :" 



3>^' 




-%^ 



1 




-jy^i 



^1^ 





Section 


Size, Inches 


Thickness, Inches 


Weight 

per Foot, 

Pounds 


Index 


Flange 


Stem 


Flange 


Stem 


T 1 


4 


4 


HtOifi, 


Hto^ 


13.5 


T2 


4 


4 


^ to /« 


^ to^ 


10.6 


T3 


3H 


3H 


H to A 


Hto A 


11.7 


T4 


3H 


3H 


y% to /b 


H to^B 


9.2 


T6 


3 


3 


H to A 


Hto ^ 


9.9 


T7 


3 


3 


T^a to H , /0 to H 


8.9 


T8 


3 


3 


H to /b ^ to /e 


7.8 


T9 


3 


3 


t'b to -K /W to H 


6.7 



90 



Ittb 



EQUAL TEES— Concluded 



-2V2- 



! Jle 



2^ -: . 



» 2-' — ♦< 

; 5.2 ! ti ^ 




*- -4.T 21 '- 
















Section 


Size, Inches 


Thickness, Inches 


Weight 

per Foot, 

Pounds 


Index 


Flange 


Stem 


Flange 


Stem 


TIO 


2H 


2^ 


Vs to /s 


^ to/ff 


6.4 


Til 


2,H 


2H 


t'^8 to % 


Ato^ 


5.5 


T12 


2H 


2H 


1^ toM 


i^toH 


4.9 


T13 


2H 


2H 


M to^ 


M to A 


4.1 


T14 


2 


2 


^%toys 


T-V to 5^ 


4.3 


T15 


2 


2 


M to A 


HtOj% 


3.66 


T16 


IH 


IH 


MtoA 


MtoA 


3.09 


T17 


IH 


IH 


M to 3«, 


Mto A 


2.47 


T18 


IH 


IH 


T% toa'. 


A to j^ 


1.94 


T19 


IH 


IH 


M to/^ 


M to A 


2.02 


T20 


IH 


IK 


A to ^ 


A to /, 


1.69 


T21 


1 


1 


A to ^, 


A to A 


1.25 


T22 


1 


1 


H to g'-j 


H to A 


0.89 



91 



CARNEQIE STEEL COMPANY 



UNEQUAL TEES 



t 







% 



•^ 






# 



t*-- - 4% - -^ 






CO 
I 

I 
I 



'%" 



T 53 






-i->2 



Section 


Size, Inches 


Thickness, Inches 


Weight 

per Foot, 

Pounds 


Index 


Flange 


Stem 


Flange 


Stem 


T50 
T51 
T52 
T54 
T53 


6 
6 

4H 
4H 
4H 


3 

2H 

3 
3 


HtO^g 

Kto A 
/uto /b 

H tOy^B 

Ato^ 


J^to^ 
/b to U 
* iJ to K 
5^ to/B 
Ato^ 


13.4 

10.9 

16.7 

9.8 

8.4 



92 



TEES 



UNEQUAL TEES— Continued 




-%^ 



f- "4% *i 



r 






A >a6 



^ 



L 



-%' 






T 






T65 





la 



T58 



^%- 




;? 



-4-'l.- 




4 w 






I"* 






T60 



Seetion 


Sise, Inches 


Thickness, Inches 


Weight 

per Foot, 

Pounds 


Index 


Flange 

' ^M 
4V^ 

4 
4 
4 
4 


Stem 


Flange 


Stem 


T56 
T65 
T57 
T58 
T59 
T60 


2yi 

2H 

6 

5 

4H 

4)4 


HtoA 
Ato^ 

Hto A 
5^ to A 
Hto A 
^to A 


^to A 
A to^ 

Hto A 
H to A 
Hto A 
^to A 


9.2 
7.8 
15.3 
11.9 
14.4 
11.2 



03 



CARNEGIE STEEL COMPANY 



UNEQUAL TEES— Continued 




4 



r 4" 



eo 






* -i?t 

16 • -% 






u 




T61 






t— 



T44 



J I 3/' 



^ j-^fl 








-J 1^% 



Section 
Index 



Siie, Inchei 



Thicknea, Inches 



Flange 



Stem 



Flange 



Stem 



T61 1 


4 


3 


T44 


4 


3 


T62 


4 


2)^ 


T63 1 


4 


2H 


T64 


4 


2 


T65 , 


4 


2 


T66 


3H 


4 


T67 


3H 


4 



H to iV, 
i^a toH 

T>. to y^ 

^8 to r^„ 
Tb to 8^ 
H to t"fl 
^^ to /fl 



HtoA 
AtoH 

Hto A 
AtoH 

Hto A 
AtoH 

Hto A 
Hto A 



Weight 

per Foot, 

Pounda 




94 



TEES 



UNEQUAL TEES— Continued 





w 



T70 



-'%"^ 




00 



} _ 



%--'H 






T71 




4... 



^16f-'%' 



T72 



-Vfr'^ 



f* "3 ♦. 




Vi'-- 




f 3 -^ 



f£m 




l^ 



T74 






---3 




-%•- 



Section 
Index 



T69 
T70 
T71 
T72 
T73 
T74 
T75 
T76 
T77 



Sue, Inches 



Flange 



3H 

3M 

3M 

3 

3 

3 

3 

3 

3 



Stem 



3 

3 

3 

4 

4 

4 

3H 

3H 

3H 



Thickness, Inches 
I Stem 



Flange 



H to Vii 
^to A 

H to A 



7fl to 


'A 


5^ to 


/c 


Hto 


^ 


/« to 


Vi 


Hto 


fB 



Hto A 

^to A 

% 
H to A 

I'fl to 3^ 
H to A 
3. to A 
^« to H 



V» xo •• 



\« 



\ 



Weight 

per Foot, 

Pounds 

10.8 
8.5 
7.6 

11.7 

10.5 
9.2 

10.8 



\ 



95 



CARNEQIE STEEL COMPANY 



UNEQUAL TEES— Concluded 



..-_3-- 




'i^ 




■^ 



r--2Mr- - 






>s 




r— i%--t 



M 



L.... 



T 519 



'^ 



^ -1%--* 










2=r--r: 



T 605 Jl*! 603 

1?- 



Section 
Index 



T78 
T79 
T82 
T83 
T8(i 
T S7 
T519 
T ()0r> 
*T603 



/ 



Size, Inches 



Flange 



3 
3 

2H 
2H 
2 

1% 



stem 



2H 
2H 
3 
3 

IH 
2 



* Furnished only by special arrangement. 



Thickness, Inches 



Flange 



toVs 



IS 



^ to 


l'« 




lo 


5^ 


T^k 


to 


:^. 


Ji 


to 


fS 



."Ij to 
Hto 

x^O. 



1^ 

n 
35 

9 




Mto A 

Kto A 

^ to 3'\r 
H to No. 7 



7.1 

6.1 

7.1 

6.1 

2.87 

3.09 

2.45 

1.25 

0.88 



96 



TEES 



MISCELLANEOUS TEES 




yAi 



*T 156 








T 158 



/i 


*-----3-- *; 


% 


: ^ 




L/'i 


r'7 

16 


••i\l 


1 

J lb. 




Q^ 






_ 


i 



I I// 



i 

I, 



Section 
Imlex 



*T 154 
*T 166 
*T 157 
*T 158 



"Size, Inches 



Flange 

4K 
4 

3 



Stem 



IK 
3 

2H 



* Furnished only by special arrangement. 



Thickness, Inches 



Flange 



See cut 
See cut 
See cut 
See cut 



Stem 



H to -" 



H to H 
A to /o 

T^ to /b 



Weight 

per Foot, 

Pounds 

7.0 

11.3 

7.3 

7.0 



\ 
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CARNEQIE STEEL COMPANY 






Z 3 



% 



«^ 



-sV 



ZEES 






1 

3%- 



Z 2 



-»/i6 



C 



.jL. 



Ji 



^•^Hc 



2%' ^' 






1 

• — 3%"-- ^ 



«A8 



^ 



-% 



// 



3 



8%---— J 



Z 1 



to 






_-_...29.i6-"-J 



Z 6 . 



■% 



_1_ 



to 



''5l6 



-L 



^ 



3 



— -2y4 

Z 5 



ti 



-W 



C 






to 



'^Hs 



1. 



^ 



2% 



Z4 



<*■-- 



3V4 > 



-— 3V4 — 



- 3^/4 



Section 
Index 



Z3 



Z2 



Zl 



Z6 



Z5 



Z4 



Flange 



3>^ 
3^ 

3>^ 
3^ 

3 9 
Iff 

3H 
3H 
3>| 

3t'H 

3k 

33^ 
3!i 



Siae, Inches 



Web 



6H 
6 

6H 
6 

6H 

6 

^^ 

5 
5 
5 



Flange 



3^ 
3t% 
3H 

35^ 
3,^ 
33i 

SH 
3VW 
3H 



35^ 
3t« 

3k 



3jk 

3J4 

3H 

•> n 
•Jiff 

3 k 



Thlckneas, 
Inches 






II 
ft 



Weight 

per Foot, 

Pounds 



34.6 
32.0 
29.4 

^.l 
25.4 
22.8 

21.1 
18.4 
16.7 

28.4 
26.0 
23.7 

22.6 
20.2 
17.9 

16.4 
14.0 
11.6 



98 



ZEES 



ZEES— Concluded 



M 






;|5 



■'he ^^ 

.-—27/16- 

Z9 

-ys" 



J 



1 



c 



i 



^ 



Vl6 



TT 



«0 



-2%- 

Z8 



-7/, 



16 



c 



i 



•Me 



^ 



Z7 



-%' 



81/ie 



3M6-" 



-31/16- 



CO 



s 



C 



Vie -S 



1 



--2»/i6- 



CO 






%e ^^ 

.... 25/16-'- 

-%" Z 11 



::i 



5 ' 
CO 



1. 



2iyie 



-2"/ie -- 



V 


r 


r ^ 1 


1 
1 
V. 


-2"X6— J 



ae- 



—-2^16- 

-W Z 10 



;55 



I 



^^ 



:._— 2%6— J 




CO 

i 



c 






...1 



^ 



We 

*Z 15 



CO 



T 



C 



L 






...!%:'_; 






*Z 16 



--23/w 



t ■ , . 



Section 
Index 



Sixe, Inches 



Flange 



Web 



Flange 



I 

i Thickness, 
Inches 



Z 
Z 8 

Z 7 

Z12 
Zll 

Z 10 

*Z14 
♦Z 15 
♦Z 10 



y 



3A 


4H 


3A 


4H 
4^ 


3A 
3^ 

3i^ 


4H 

1^ 


2M 
2H 


i^ 


25i 
2« 


3,V 
3 


2^ 
2H 


i^ 




4H 
3H 



3A 
3H 
3i^ 

3A 
3H 
3T^r 

3 

3i', 

2% 

2U 

2M 
2H 

2^ 
21i 

2A 
2A 
ik 



Weight 

per Foot, 

Founds 



y4. 

}2 

7 

IB 

H 

7 

in 

Vs 

K 

in 
)4 

»/^ 

Vs 
H 



23.0 
20.9 
18.g 

18.0 
15.9 
13.8 

12.5 
10.3 

8.2 

14.3 
12.6 

11.5 
9.8 

8.5 
6.7 

9.2 
8.6 
4.8 



♦ Funushed only by special uvtjlvz -icat. 
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^»VSV^V^ 



CARNEGIE STEEL COMPANY 






1 



.! 



z^'-- 



'Mt 



^ 



;^ 



2%'- 



Z 3 



' % 



_J_ 



ZEES 



^ 



3Mi 



Ma 



2^'- 



Z 2 



-»/ie 



C 



_1_ 



31 




to 



3H 



Ly 



z 1 



-H 






I 



4 



la 



3V4' 



Section 
Index 



za 



Z2 



Zl 



Z6 



Z5 



/4 



He 






Z 6 . 

L_ 



Flange 

34 

3,-« 
3.4 

^4 

34 

•» » 

3 4 

34 

• > • 



■H. 



^ 



3 '■ 



— -2%- -^ 

Z 5 



W 



I 
I 
I 

I 
I 
I 
I 



c 






X 



T 



He 






»16. 



2»%e- 



Z4 



-V, 



le 



8V4 



- 3U 



Siie, Inches 



Web 



Flange 



Thicknen, 
Inches 



Weight 

per Foot, 

Pounds 



64 


34 

3t1i 

34 


K 


34.6 
32.0 
29.4 


64 


34 
3A 
34 


S 


22!8 


64 


34 


1^ 


21.1 
18.4 
16.7 




34 




28.4 
26.0 
23.7 


54 

5 


34 
3,)i 

3^4 


1 


22.6 
20.2 
17.9 


5 V.' 


34' 
3r« 

3^4 


! 


16.4 
14.0 
11.6 



J 



OS 



ZEES 



ZEES— Concluded 



^ 



Z9 



J 






1 



i 



3^6-- 



^ 



He 



6^ 



2%- 

Z8 



C 



_L 



I 



%6 



Z7 



-%' 



M 



'^ 



1 



3H« 



-3M« 



1 



c 



"Vie 'i 
-W'-Z 12, 



1 
I 
I 

-V 



C 



I 

V I 

I 
I 
I 



-- 2^/16-'- 



? ' 
C9 



1. 



■TT 



^ 






^ 



2^1«'--. 

^%" Z 10 



2"/i6- 



211/16- 



2%'— J 




S5 

eo 



c 






1 



/Tiz^-rt 



---2?i6 --J 



T 



;^ 



•%6 

*Z 15 



CO 



c 



L 



— ^ --^ 



-2%6— J 



-1%- 






-m-*-' 



*Z 16 



Section 
Index 



Size, Inches 



Flange 



Web 



Flange 



I Thickness, 
Inches 



Z 9 



Z 8 



Z 7 



Z 12 
Z 11 

Z 10 

*Z 14 
*Z 15 
*Z 10 



^ 



3 
3 
3A 
3 

3t^ 

2^ 
2H 
2^ 
2H 
25i 
2H 

1^ 



4H 

4 

4H 
4t^ 
4_ 

4H 
4iV 
4 

3i^ 
3 

3t*« 
3 

3t^ 
3 

4^ 
3^ 
3H 



3 

3 

3i^ 

3A 

3H 

3t^ 

%% 

3A 
2^ 
2H 

2^ 
2H 

2»/i 
2ii 

2A 
2i% 
\% 



n 

7 

IB 



7 



/4 



Weight 

per Foot, 

Pounds 

23.0 
20.9 
18.9 

18.0 
15.9 
13.8 

12.5 

10.3 

8.2 

14.3 
12.6 

11.5 
9.8 

8.5 
6.7 

9.2 
8.6 
4.8 



* Furnished only by Q)ecial r.rrai)j .;ncat. 



QQ 



^»^v^\^ 



CARNEQIE STEEt COMPANY 



UNITED STATES STEEL SHEET PIUNG 




^- 



=^=r>i 



impUM, rnuTlsl "SMI SbM FiUi«." 



FLOOR PLATES 



TROUGH PLATES 




CORRUGATED PLATES 



— 2 y,"- 




M33 



-2^- 



i 






12 M 



10 



— >l 



^ 8^^ >l 



Section 


Width, Depth, 


Thickness, 


Weight per Foot, 


Index 


Inches Inches 


Inches 


Pounds 


*M 14 


93^ 


3?^ 


•M 


23.2 


*M 13 


9)^ 


3-3^ 


lyiG 


21.4 


*M 12 


9>^ 


•> 3 ' 


y. 


19.7 


*M 11 


9^ 1 3^ 


%0 


18.0 


*M 10 


9^ 1 3M 


H 


16.3 


*M 35 


128^0 2K 


K 


23.7 


♦M 34 


1 12»io 2i%6 


?^i6 


20.8 


*M 33 


128/10 1% 


% 


17.8 


*M 32 


: 8M 1^ 


% 


12.0 


*M 31 


' 8i?4 l»/i6 


%6 


10.1 


♦M 30 




'i 


8.1 


* Furnished o 


nly by special arrangement. 
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CARNEGIE STEEL COMPANY 





CHECKERED PLATE 








iii 

iiiii 






Section at Rib 




Btctloii ' Tkirkn™ 


mitbt«lI«.sth.I»:ho 


«a=^ 


iDdei Intha 


ttoim 


12to48 : *8!^to«0 


M52 
M51 

M4!) 


■■A« 
'A 


120 
120 

120 


240 


240 


21.4 

16.3 
13.8 

8.7 


/™^""™- 



PtAT ROttBD STEEL 



RECTANGULAR AND CIRCULAR 


PLATES- 


-Carbon Steel 




SHEARED PLATES, THHEE^IXTEENTH INCHES 


ND UNDER. EXTREME SIZES 




Thielraa- 




LhH. Mr 




WLdtba md LengUa 


inLidK. 




Diiiutter. 
Intha. 




L,.he ^ 


74 


72 


70 


68 


66 


04 


60 




^11 


7 65 


200 


220 


240 


250 


270 


320 


376 


77 




No. S 








210 








2S0 






No. 9 






















No, 10 

H 


5:47 








144 


ii 


200 


i 


08 






















n"; la I'sl^N^ 


















ThicbEHB, 1 WdKbt, 




















b"w"g. 


a-fi' 


54 


48 


43 


3S 


30 


24 




iDcbai' 




fia 


7.65 


400 


400 


400 


375 


375 


4j,g 




77 
























No! 9 am 








330 








70 




No. 5.47 




360 


270 


300 


300 


260 




08 




A 5-10 


200 


220 


230 


2(10 


260 


260 








No. 1 'Sea Now 














No. 2 ' tSee Not 
















m-er74"»ide!iiidCi™ 


ipii«"^lo"S 


h, over 77" diametH 




m. be f umuUiml lo e>gc oa]y SDd 




















»Plit« lighter thM H"*mldt«nTOififdtoK»gfoi,ly 




abletofurniehradi 




liglit plates to weight. 
















RECTANGULAR UNIVERSAL P 


_,ATE8— C 


uboa Steel 




LNIVERS4L MILL PLATES 


ONE^FOUHTH IKCH 


AND OVFR EXTREME SIZES 




Th k 

i4 


Fff 




Widtfa>udUm 


[thllDlDObn 






4»-4B 


5-41 40-d6 36-31 30-2S 


h-H""'i'^"-'i " 


10-81 




10 "O 






\ 


102 


1020 1020 


1020 1 MO 


540 




M. 




lO'O 










sol 600 


600 




H 














X jOO 


840 




■An 


















H 


2 40 


1380 












?f« 


2 gs 


13MC 












^ 


i 50 










S40 




1 


i'i (t 






TO 














s-10 S40 




























,1 


Ud 






S40 840 




h 












70 10 1 S4I| A4i 


411 5401 154 1 56 










810 1 1071 soal 


511 1 51 ' iml 2 


1 ntfi 7«4 


9071 60O 


720 




PliUs gf muter diio MOuUiu 


d»wn naboveteb. m. 






\ 



CARNEOrE STEEL COMPANV 



RECTANGULAR AND CIRCULAR PLATES— Carbon Steel 

BIIEARED PLATES. ONE-FOURTH tNCH AND OVER. EXTREME SIZES 



Thkk. Weiglit, I 

ImW Sq.ft. 132 136 130 



Widtlu and Lngtlu in 



2Z.D6 

2n.so 

2g.Q5 
' 30.60 

' 33,1 r> 

' 3JI.T0 
' -lO.HO 
: 45.00 
S1.00 



230 270 
310 230 
2M [fioO 
iSO , 180 















lU 108 102 


06 


00 

■.im 


04 


;» 




175 360 280 


ano 


375 


400 


115 


270 330 360 


3M0 


Avn 


440 


4611 












S,SO 


132 


360 370 410 


4;i(i 










aea 1 400 4.w 


4H0 


5(0 


.S5(l 










530 


57(1 


600 


134 


390 ; 450 5O0 










134 


420 4S0 1 .'.00 


am 


540 








400 4liO 490 


5?0 


540 ' (K» 


H3() 


134 






530 '600 


fl?0 


134 


373 440 


4S0 


.MO ; 530 600 






340 ' 440 






530 , S80 


61 Kl 


134 












5K0 


133 


31H 


:tKO 


4(Kl 


420 






132 


»0 


flitO 


Sao 


,140 


420 440 














3ft0 




410 


132 






240 








360 


132 


IBO 


aio 


310 


330 


aso 


295 


320 


133 


54 


50 ' 48 


43 


3. 


30 


24 


Dunn. 


r.3Q r.3(l 530 


,W0 


530 i 530 1 530 


115 


5,W 575 5-5 


550 


550 SSO 580 




620 620 r.ao 




S80|600[ 000 


132 


040 


(MO 


040 


600 


5S0 


eoo 


CDO 


!33 



640 640 IVIO 



640 640 640 ' 



tHW nan \Km < 



640 600 ' 530 ' 630 . GOO ^ 

(140 llOO 5S0 G30 600 ' 

>M6 GOO 580 C>00 600 

640 UOO 580 600 580 

640 t->00 JSO 600 5S0 ' 

(HO 600 5S0 5T0 550 ' 

640 600 530 650 550 ' 

640 .'^SO 5S0 520 530 , 

640 .-.SO 5S0 520 ' 500 

(UKI MO 5G0 520 45D 

«I0 ,■.40 540 470 430 



-■.40 



oOO 400 350 



PLAT ROLLED STEEL 



RECTANGULAR PLATES— Nickel Steel 




SHEARED PLATES, ONE-FODRTH INCH AND OVER. EXTREME SIZBB 




Thick- 


Widths iDd LcneUia in Inches 




102 


96 


.0 


84 


78 


72 ee 00 64 50 48 


"1 


6 


30 


24 

200 




K 










240 "40 SfiO <i0 '>10 "RO 


30, 




Ho 












n 100 T 340 


340 340 


3l0 310 




M 




"80 


340 


S90 










H« 


aao 


aoo 


S60 


400 


4 TO 


490 1 490 


480'480 




M 










460 00 410 400 


4W 480 




Ks 


270 


^OO 










H 


270 


300 3 no 


480 450 




■H. 






480 150 




M 










"K. 260 


300 




IhO 440 




M 


260 






4 440 
















IM 


350 


"70 


y^laao 


S 0420 




IM 


240 


260 


2B0 315 


330 40U'400 




1!^ 










IM 


220,230 


250 2 


SOO 4 340 1 320 






aio 30 


£50 260 


2S0 4a J dJO J50 d ^ d4o ^20 320:20O 




RECTANGULAR PLATES— Nickel Steel 




tNIVERSAL MILL PLATES, ONE-FOURTH INCH AND OVER, EXTREME SIZES 




Thkk- 


WidlhBimdJ*qgaiBmlDchB 




lS^8S 


4S-4G 


4^j40^ 


35-31 


30-20 


25.2o|l«.17 


16-15|l4.12| 11 1.^61 




H 










600 


660 


660 540, 540 




^U 


540 


540 


600 




720 
















H 


720 


720 


780 


840 


960 


B80 


1020 








B40 




■■At 






960 






loao 


1020 


1020 


1020 


DOO 


840 




% 


960 
























%i 


960 


960 


1080 


!140 


1200 


1200 








1020 


840 




^ 




000 


102O 


loao 






1000 


1000 


1020 


1020 


840 




H 












1080 














u 


780 


780 


840 


BOO 


000 


960 


lOOO 


1000 1000 


900 


840 






720 


750 


7S0 


810 




900 1000 


1000 1 1000 




840 




IW 




















IH 


576 


BOO 


624 


052; 672 


720; 1000 


1000 


1000 


840 


840 




IH 


525 




507 


593 


COO 


055 


070 


1000 


1000 


840 


840 




IM 


























IM 


444 


401 


4S0 


502 


504 


554 




978 


980 


840 






l« 


410 


428 


44S 


4as 






705 


908 


9S0 


720 


720 




IH 






















720 












40S 


420 


450 










720 




All.',: 


anf RertiBiiulurNLckelStMlPlatrHeivHiinalnvfltaWesUDiior W" thicit nhQUld bE 




■pHifisl to gscs only. Plates H" Ihiult "od over cu be relied to cither m^ at ^la^A v" -roa^V 



CARNEQIE STEEL COMPANY 



SQUARE EDGE FLATS 

r*--Width *: 



Thickness 



Over 3" 
Over 5" 
Over 7" 
Over 7H 



ft 



to 3", wide, x any thickness. W* up to width, 
to 5", wide, X any thidmess, K" to 3", inclusive, 
to 7", wide, x any thiclmess. yi" to 2", inclusive, 
to IWy wide, X any thickness, %6" to lH"t inclusive, 
to 8", wide, x any thickness, %6" to 1" inclusive. 



Sizes not listed will be considered. 



NUT STEEL FLATS 

All sizes of Nut Steel Flats within the range of Square Edge Flats can be 
furnished. Some of the smaller sizes can be furnished in coils. 



BAND EDGE FLATS 



Width 



)" Thickness 



wide, X No. 18 to No. 4 B. W. G. 
wide, X No. 19 to No. 4 B. W. G. 
wide. X No. 22 to No. 4 B. W. G. 
wide, X No. 23 to No. 4 B. W. G. 
wide, X No. 22 to No. 4 B. W. G. 
wide, X No. 21 to No. 1 B. W. G. 
wide, X No. 20 to No. 
wide, X No. 19 to No. 
wide, X No. 18 to No. 
wide, X No. 17 to No. 
wide, X No. 16 to No. 
wide, X No. 14 to No. 
wide, X No. 12 to No. 
wide, X No. 12 to No. 

From %" to 9^" intermediate widths can be furnished. 

Over 9%" in width, the size listed is the only one which is rolled, but 
intermediate widths will be considered. 



w\ 




%6". 




H". 




%6" 


tol". 


Uie" 


to 2". 


2Vio" 


to 3".. 


SHe" 


to ZW\ 


3%6" 


to 4", 


4^6" 


to 4H", 


4%6" 


to 5Vio" 


5H" 


to QH", 


61%6" 


to SH'\ 


Si^io" 


to 9^", 




ioy4," 



B. W. G. 
B. W. G. 
B. W. G. 
B. W. G. 
B. W. G. 
B. W. G. 
B. W. G. 
B. W. G. 



/ 



SKELP 

All sizes within the range of Sheared Plates, Universal Mill Plates and 
Band Edge Flats can be furnished. 



106 



MERCHANT BARS 



SQUARES 



Size 



Size %6" to 2", inclusive, advancing by 64ths. 
Size 2V^2" to 3H". inclusive, advancing by 32ds. 
Size 3»/i6" to 5J^", inclusive, advancing by 16ths. 

Squares can also be roUed to decimal dimensions, if so arranged. 

Squares %" and smaller can be furnished in coils. 



□:i' 



ROUND CORNERED SQUARES 

> 

i Size 

.•k 

Size Ji" to %'\ inclusive, advancing by 64ths. 

ROUNDS . 

i Diameter 



Q> 



Diameter %2" to l%", inclusive, advancing by 64th8. 
Diameter 12%2" to 33^", inclusive, advancing by 32ds. 
Diameter 3%6" to 7", inclusive, advancing by 16ths. 

Rounds can also be rolled to decimal dimensions, if so arranged. 

Rounds }i" and smaller can be furnished in coils. 



HALF ROUNDS 

k* — H 
Diameter 

Diameter %6" to %", inclusive, advancing by 64th8. 
Diameter i%6" to 1 %'\ inclusive, advancing by 16ths. 
Diameter 2". 2H". 3". 



HEXAGONS 

"A 

I Size 



Q 



Size W to l^Mo", inclusive, advancing by 32ds. 
Size \K" to 3Vi6", inclusive, advancing by 16ths. 
Size 3%6" 
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CARNEQIB STEEL COMPANY 














AREAS OF RECTANGULAR SECTIONS \ 






SQUARE 1 


CHE 






Width 
iKha 




Thicki. 


^ 




Vti 


" 


M. 


14 


«. 1 s. rW.. 


)^ 


4i» 


% 


'«. 


11 


'«n 


Td 


<^<l 


■ 




1 


s 


i 


ig^ 


^1 


.07g ^ .10B 

.168 .ia»| 5(1 
2mI 281 jasi 

JtlS, .37^ «fi 


J5( 
.300 


J8- 

.38; 


4aft 

Ha 


.1': 

iS 


:37i 


.203 
.408 
.00! 


.2! 




Si 

.50 

.75 




P 




J 


-^n 


031 

looi 


o; 

Ijj 


781 
»3S 

lJ5n 


868 
.375 


3! 

i.soi 


ii 


if 

IJS 


1.88 


aioo 




I 




T, 


lias 


12S< 


11 


ISBl 


106: 


a 


1.87 

s:4i 


S 


2JS 
2.M 

sioo 




P 


.'. 


"•*"'' 


aosi 


2m 

3Wt 


3438 
U2J 


si 


3J1 

1 


11 


3.50 






261 
29' 


69; 


931 


I093132S1. 






is 

..Q» 


li! 


3S 
iJI 


ISS 

4.50 






. .'i 






i 




irai|ld'6inBl2i)83!«637S^3UM[a«l 


3 7S 


4 IJ 


4.48tf 


4.«e 

4^1 




si?! 




1* 


I 


S 


1 p,5«, 1.75. 2«,a»»S a 06^3 37^750 


is 


S-071 


B.41 
6;i! 


S.8S 

i:S 

8.M 


also 






45J 


9n 


fll 


80& 
B"fl7 
8M0 


4.34 




7!50 




11 






Liwlflwa 


731 

6* 


77S 


1 




s * 








s;*. 










s"5 


'Si 


ft!6 






1 00 




10 . 

1.^ 


. 








1 ll « 


































11 M 
11 j 




19' 




11 . 


i 




^ 


lJo^.Mi 


















' 




J 
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AREAS OF RECTANGULAR SECTIONS— Continued 
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CARNBaiE STBEL COMPANY 



AREAS OF RECTANGULAR SECTIONS— Concluded 
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CARNBOIE STEEL COMPAKV 

WEIGHTS OF FLAT ROLLED STEEL— Continued 

P0DND3 PER LINEAL FOOT 
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CARNEQIB STEEL COMPANY 



SQUARE AND ROUND BARS 

WEIGHTS AND AREAS 



,*?• 


Weight. Lbs. 
per Foot 


Inches 








D 

1 


o 









a 

/. 


.013 
.053 
.120 


.010 
.042 
.094 




.213 
.332 

.478 
.651 


.167 
.261 
.376 
.511 


i 


.850 
1.076 
1.328 
1.607 


.668 

.845 

1.043 

1.262 


H 


1.913 
2.245 
2.603 
2.988 


i.^;2 

1.763 
2.044 
2.347 


1 


3.400 
3.838 
4.303 
4.795 


2.670 
3.015 
3.380 
3.766 


^ 

A 

A 


5.313 
6.857 
6.428 
7.026 


4.172 
4.600 
5.049 
5.518 




7.650 
8.301 
8.978 
9.682 


6.008 
6.519 
7.051 
7.604 


i» 


10.413 
11.170 
11.953 
12.763 


8.178 

8.773 

9.388 

10.024 


2 


13.600 
14.463 
15.353 
16.270 


10.681 
11.359 
12.058 
12.778 




17.213 
18.182 
19.178 
20.201 


13.519 
14.280 
15.062 
15.866 




21.250 
22.326 
23.428 
24.557 


16.690 
17.534 
18.400 
19.287 


II 


25.713 
26.895 
28.103 
29.338 


20.195 
21.123 
22.072 
23.042 


3 


30.600 


24.033 



Area, Square 
Inches 



n 



.0039 
.0156 
.0352 

.0625 
.0977 
.1406 
.1914 

.2500 
.3164 
.3906 
.4727 

.5625 
.6602 
.7656 
.8789 

1.0000 
1.1289 
1.2656 
1.4102 

1.5625 
1.7227 
1.8906 
2.0664 

2.2500 
2.4414 
2.6406 
2.8477 

3.0625 
3.2852 
3.5156 
3.7530 

4.0000 
4.2539 
4.5156 
4.7852 

5.0625 
5.3477 
5.6406 
5.9414 

6.2500 
6.5664 
6.8906 
7.2227 

7.5625 
7.9102 
8.26^6 
8.6289 

9.0000 



o 



Sise. 
Inches 



Weight. Lbs. 
per Foot 



Area. Square 
Inches 



■I 



D 



.0031 
.0123 
.0276 


3 
A 


.0491 
.0767 
.1106 
.1503 


1 


.1963 
.2485 
.3068 
.3712 




.4418 
.5185 
.6013 
.6903 


H 

i 


.7854 

.8866 

.9940 

1.1075 


4 


1.2272 
1.3530 
1.4849 
1.6230 




1.7671 
1.9175 
2.0739 
2.2365 


H 


2.4053 
2.5802 
2.7612 
2.9483 


ifi 


3.1416 
3.3410 
3.5466 
3.7583 


5 


3.9761 
4.2000 
4.4301 
4.6664 


H 

1 


4.9087 
5.1572 
5.4119 
5.6727 


H 
A 


5.9396 
6.2126 
6.4918 
6.7771 


H 

i 


7.0686 


6 



30.60 
31.89 
33.20 
34.64 

36.91 
37.31 
38.73 
40.18 

41.66 
43.15 
44.68 
46.23 

47.81 
49.42 
61.06 
62.71 

64.40 
56.11 
57.86 
50.62 

61.41 
63.23 
66.08 
66.96 

68.86 
70.78 
72.73 
74.71 

76.71 
78.74 
80.80 
82.89 

86.00 
87.14 
89.30 
91.49 

93.71 

95.96 

98.23 

100.53 

102.85 
105.20 
107.58 
109.98 

112.41 
114.87 
117.35 
119.86 

122.40 



o 



n 



24.03 
25.06 
26.08 
27.13 

28.21 
29.30 
30.42 
31.66 

32.71 
33.89 
35.09 
36.31 

37.66 
38.81 
40.10 
41.40 

42.73 
44.07 
46.44 
46.83 

48.23 
49.66 
61.11 
62.68 

64.07 
66.60 
67.12 
68.67 

60.26 
61.86 
63.46 
65.10 

66.76 
68.44 
70.14 
71.86 

73.60 
75.36 
77.16 
78.96 

80.78 
82.62 
84.49 
86.38 

88.29 
00.22 
92.17 
94.14 

96.13 



9.000 

9.379 

9.766 

10.160 

10.663 
10.973 
11.391 
11.816 

12.260 
12.691 
13.141 
13.698 

14.063 
14.636 
16.016 
16.604 

16.000 
16.604 
17.016 
17.635 

18.003 
18.698 
19.141 
19.691 

20.260 
20.816 
21.391 
21.973 

22.663 
23.160 
23.766 
24.379 

26.000 
26.629 
26.266 
26.910 

27.663 
28.223 
28.891 
29.666 

30.260 
30.941 
31.641 
32.348 

33.063 
33.786 
34.616 
36.264 

36.000 



o 



7.069 
7.366 
7.670 
7.980 

8.296 
8.618 
8.946 
9.281 

9.621 

9.968 

10.321 

10.680 

11.045 
11.416 
11.793 
12.177 

12.666 
12.962 
13.364 
13.772 

14.186 
14.607 
16.033 
15.466 

16.904 
16.349 
16.800 
17.257 

17.721 
18.190 
18.665 
19.147 

19.635 
20.129 
20.629 
21.135 

21.648 
22.166 
22.691 
23.221 

23.758 
24.301 
24.850 
26.406 

26.967 
26.535 
27.109 
27.688 

28.274 
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WBIQHTS OP BAR 



SQUARE AND ROUND BARS 

WEIGHTS AND AREAS 



Sise. 
Inches 



Weight, Lbe. 
per Foot 



n 



6 



A 
H 

k 

H 






8 



1^ 

A 

A 

a 
i 



O 



9 



22.40 
24.96 
27.66 
30.17 

32.81 
35.48 
38.18 
40.90 

43.65 
46.43 
49.23 
52.06 

54.91 
57.79 
60.70 
63.64 

66.60 
69.59 
72.60 
75.64 

78.71 
81.81 
84.93 
88.07 

91.25 
94.45 
97.68 
200.93 

204.21 
207.52 
210.85 
214.21 

217.60 
221.01 
224.45 
227.92 

231.41 
234.93 
238.48 
242.05 

245.65 
249.28 
262.93 
256.61 

260.31 
264.04 
267.80 
271.69 

275.40 



96.13 

98.15 

100.18 

102.23 

104.31 
106.41 
108.53 
110.66 

112.82 
115.00 
117.20 
119.43 

121.67 
123.93 
126.22 
128.52 

130.85 
133.19 
135.56 
137.95 

140.36 
142.79 
145.24 
147.71 

150.21 
152.72 
155.26 

157.81 

160.39 
162.99 
166.60 
168.24 

170.90 
173.58 
176.29 
179.01 

181.75 
184.52 
187.30 
190.11 

192.93 
195.78 
198.65 
201.54 

204.45 
207.38 
210.33 
213.31 

216.80 



Area, Square 
Inches 



D 



36.000 
36.764 
37.516 
38.285 

39.063 
39.848 
40.641 
41.441 

42.250 
43.066 
43.891 
44.723 

45.563 
46.410 
47.266 
48.129 

49.000 
49.879 
50.766 
61.660 

62.663 
53.473 
54.391 
66.316 

66.250 
57.191 
58.141 
59.098 

60.063 
61.036 
62.016 
63.004 

64.000 
65.004 
66.016 
67.036 

68.063 
69.098 
70.141 
71.191 

72.250 
73.316 
74.391 
76.473 

76.563 
77.660 
78.766 
79.879 

81.000 



o 



28.274 
28.866 
29.465 
30.069 

30.680 
31.296 
31.919 
32.548 

33.183 
33.824 
34.472 
35.125 

36.785 
36.460 
37.122 
37.800 

38.486 
39.176 
39.871 
40.574 

41.282 
41.997 
42.718 
43.445 

44.179 
44.918 
46.664 
46.416 

47.173 
47.937 
48.707 
49.483 

60.266 
51.054 
61.849 
62.649 

63.466 
64.269 
55.088 
55.914 

56.746 
67.683 
58.426 
69.276 

60.132 
60.994 
61.863 
62.737 

63.617 



Sue, 
Inches 



9 



H 
A 

II 



10 



A 
H 



A 

H 
H 

II 



11 



H 

A 
H 



H 
H 

II 



12 



Weight, Lbs. 
per Foot 



D 



275.40 
279.24 
283.10 
286.99 

290.91 
294.86 
298.83 
302.83 

306.85 
310.90 
314.98 
319,08 

323.21 
327.37 
331.55 
335.76 

340.00 
344.26 
348.55 
352.87 

367.21 
361.68 
365.98 
370.40 

374.85 
379.33 
383.83 
388.36 

392.91 
397.49 
402.10 
406.74 

411.40 
416.09 
420.80 
425.64 

430.31 
436.11 
439.93 
444.78 

449.66 
454.55 
459.48 
464.43 

469.41 
474.42 
479.45 
484.61 

489.60 



o 



216.30 

^19.31 

222.35 

226.41 

228.48 
231.58 
234.70 
237.84 

241.00 
244.18 
247.38 
250.61 

253.85 
257.12 
260.40 
263.71 

267.04 
270.38 
273.75 
277.14 

280.65 
283.99 
287.44 
290.91 

294.41 
297.92 
301.46 
305.02 

308.69 
312.19 
315.81 
319.46 

323.11 
326.80 
330.50 
334.22 

337.97 
341.73 
345.62 
349.33 

353.16 
357.00 
360.87 
364.76 

368.68 
372.61 
376.66 
380.54 



Area, Square 
Inches 



D 



O 



81.000 
82.129 
83.266 
84.410 

85.663 
86.723 
87.891 
89.066 

90.250 
91.441 
92.641 
93.848 

95.063 
96.285 
97.516 
98.754 

100.000 
101.254 
102.616 
103.785 

105.063 
106.348 
107.641 
108.941 

110.250 
111.666 
112.891 
114.223 

115.563 
116.910 
118.266 
119.629 

121.000 
122.379 
123.766 
126.160 

126.663 
127.973 
129.391 
130.816 

132.250 
133.691 
135.141 
136.598 

138.063 
139.535 
141.016 
142.504 



63.617 
64.504 
65.397 
66.296 

67.201 
68.112 
69.029 
69.953 

70.882 
71.818 
72.760 
73.708 

74.662 
75.622 
76.589 
77.561 

78.540 
79.625 
80.516 
81.513 

82.516 
83.525 
84.541 
86.663 

86.690 

87.624 

' 88.664 

89.710 

90.763 
91.821 
92.886 
93.957 

95.033 
96.116 
97.205 
98.301 

99.402 
100.510 
101.623 
102.743 

103.869 
105.001 
106.139 
107.284 

108.434 
109.591 
110.764 
111.923 
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CARNEQIE STEEL COMPANY fl 




COLD TWISTED SQUARE BARS fl 




Sbe. 


Ai». 1 ff«(1>t|«Fv«,^ 




liushv 


SquDClDdM rnudl^S 


2 


4.0000 13.600 ^1 




IJi 


3 


5156 ILDfiS ■ 




1« 


3 


0625 tO.413 




l>i . 


2 


fM06 8.B78 




IM 


2 


2500 7.850 




IH 


I 


Sme 6.438 




iH 


1 


56:;5 6.318 




l« 


1 


21)56 , 4.303 




' 


1 


0000 3.400 


-W. 








K 





7656 2,603 




'«. 





6602 2.2i5 




Si 





5625 1.913 




>^. 





4727 1.007 




>(. 





3006 j 1.328 




«« 





-SI 64 1.076 




M 





2500 0.850 




«* 


° 


1!I14 1 0.6fil 




K 




140(1 0.47S 




^* 




0077 0.33a 




H 





0635 0.213 




U> UimifKUKfn.- Suudud S|k>«b>U«.ink> olh.Tw»aiHdl 






u. 


t 
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CONCRETE REINFORCEMENT BARS 



DEFORMED BARS 



CUP BAR 




Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 


*M 1528 


IH 


7.66 


*M 1530 


IH 


5.31 


*M 1531 


IH 


4.30 


*M 1532 


1 


3.40 


*M 1533 


H 


2.60 


*M 1534 


H 


1.91 


*M 1535 


H 


1.33 


*M 1536 


Vz 


0.85 


*M 1537 


H 


0.48 



♦ Furnished only by special arrangement. 
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CARNEOie STEEL COMPANY 



DEFORMED BARS— Continued 


CORRUGATED SQUARE BAR CORROOATBD aQOARB BAB 


TYPE A TYPE B 


i^f)?^i^fil ( 


^ 


"ti 


L^ 


w 


UL . ^ . iL . 


- 


-:. 


J ^ 


S~ 








' 


CORRUGATED ROUND BAR CORRUGATED SQUARE BAB i 


TYPE C 


TYPE D 












^^a 


1 


f^-^ 


in 


Rolled for Com 




1^- 

Co. 


JU 


Section 


Si.. 


W,^n«Foo. ^ j ^ 


Weight p« Foot. 




loch. 




Corragated Squui Bu-Type A 


CcniiE>l«d Bqutre Bbi— Tn« B 


*M 1980 




4.00 


•M 1560 




6.31 


•M 1981 








•M 






3.40 


*M 1D82 




1 


B5 


•M 


M2 


H . 


2.60 


*M1983 






35 


•M 


nss 




1.91 


•M 1984 


H 






•M 




H 


1.33 








•M 


fiB5 


H 


ass 








•M 


SWi 




0.48 








•M 




H 


0.37 








•M I5S8 


H 


0.21 


CoTTugattd Round Bai-Tnw C 


Coinigited&iiunBai— TnwD- | 








•M 1732 IJi 


10.48 








•M 


731 IH 


7.69 


•M 1618 




4.21 


*M 


650 




«.35 


*M 1617 


l!^ 


i 




•M 




IH 


4.34 


«M 1616 
















+M 1615 


Ji 






•M 


fl53 


H 


2.64 




H. 




52 


•M 






1.04 


•M 1613 


M 






-M 




H 


1.35 


•M 1613 


«8 


1 






6SIS 


a 


0.86 








30 








0.49 


*M 1610 


?4 


" 


<«* 


•M 




H 


0.22 


•Furiu.l«donij-l,y special «i 


uigerdej 


'■ 



CONCRETE REINFORCEMENT BARS 



DEFORMED BARS— Continued 
LUG BAR—TYPE A LUG BAR— TYPE B 





Rolled for Corrugated Bar Co. 



HERRINGBONE BAR 




Rolled for Corrugated Bar Co. 



Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 


Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 


Lug Bar— Type A 


Lug Bar-Type B 


*M 1578 
*M 1577 
*M 1576 
*M 1575 
♦M 1574 
♦M 1573 
*M 1572 
♦M 1579 
♦M 1571 
*M 1570 


1 

H 

Tie 

% 

H 


5.31 
4.30 
3.40 
2.60 
1.91 
1.33 
0.85 
0.65 
0.48 
0.21 


*M 1648 
*M 1647 
*M 1646 
*M 1645 
*M 1644 
*M 1643 
*M 1642 
*M 1641 
*M 1640 


IH 

1 

% 
% 
H 

H 


6.31 
4.30 
3.40 
2.60 
1.91 
1.33 
0.85 
0.48 
0.21 



Herringbone Bar 





Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 




*M 1673 


IH 


5.13 




*M 1672 


l>i 


3.62 


* 


*M 1671 


1 


2.38 




*M 1670 


y% 


1.72 




♦M 1669 


H 


1.28 




*M 1668 


H 


0.91 



* Furnished only by special arrangement. 
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CARNEQIE STEEL COMPANY 



DEFORMED BARS— Continued 

HAVEMEYER SQUARE BAR HAVEMEYER ROUND BAR 





Rolled for Concrete Steel Oo. 
ELCANNES BAR 





Rolled for Mr. Elie Cannes 



Section 


Size, 


Weight per Foot, 


Section 


Sise. Weight per Foot, 


Index 


Inches 


Pounds 


Index 


Inches Pounds 


Havemeyer Square 


Bar 


Havemeyer Round Bar 


*M 1599 


IH 


7.65 








*M 1609 


IVb 


6.43 








*M 1608 


IH 


5.31 


*M 1629 


IH 


4.17 


*M 1607 


IH 


4.30 


*M 1628 


IH 


3.38 


*M 1606 


1 


3.40 


*M 1627 


1 


2.67 


*M 1606 


% 


2.60 


*M 1626 


% 


2.04 


*M 1604 


H 


1.91 


*M 1625 


H 


1.50 


*M 1603 


% 


1.33 


*M 1624 


% 


1.04 


*M 1602 


}4 


0.85 


*M 1623 


H 


0.67 


*M 1601 


H 


0.48 


*M 1622 


H 


0.38 


♦M 1598 


%6 


0.33 


*M 1600 


H 


0.17 


*M 1621 


H 


0.21 











Elcannes Bar 


Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 


*M 1901 


IH 


5.31 


*M 1902 


IH 


4.30 


*M 1903 


1 


3.40 


*M 1904 


H 


2.60 


*M 1905 


Va 


1.91 


*M 1906 


Vb 


1.33 


*M 1907 


H 


0.85 


*M 1908 


% 


0.48 



* Furnished only by special arrangement. 



120 



CONCRETE REINFORCEMENT BARS 



DEFORMED BARS— Concluded 



WING BAR— TYPE A 



WING BAR— TYPE B 





Rolled for Trussed Concrete Steel Co. 



NEW RIB BAR 




Rolled for Trussed Concrete Steel Co. 



Section 
Index 



Size, 
Inches 



Weight per Foot, 
Pounds 



Wing Bar — Tyi)e A 



♦M 1513 
*M 1512 



y4. 



2.70 
1.40 



Section 
Index 



Size, 
Inches 



Weight per Foot, 
Pounds 



Wing Bar— Type B 



*M 1609 
*M 1610 
*M 1516 



3H 
2M 
2M 



10.2 
6.8 

4.8 



New Rib Bar 



Section 
Index 



*M 1918 
*M 1917 
♦M 1916 
*M 1915 
*M 1914 
*M 1913 
*M 1912 
*M 1911 
*M 1910 



Size, 
Inches 



IM 

1 

% 

H 

y o 



Weight per Foot, 
Pounds 



5.31 
4.30 
3.40 
2.60 
1.91 
1.33 
0.85 
0.48 
0.21 



*** Fumiahed only by special arrangement. 
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CAKNEQIE STBBL COMPANV 

DEFORMED BARS— Continued 

MONOTYPE BAR 



Boiled for Phlladelplila Steel and Wire Co. 



SLANT RIB BAB 





Tbomas (ieiixtL 



Bquivilent to Ruund 



•M2 


fi? 


*M 3 








•M ■/ 


fifi 


*M a 


Rfl 


•Ma 




•Ma 


Ba 



iroisliEil only by epaclsl STTsagcmeDt 



CONCRETE REINFORCEMENT BARS 



DEFORMED BARS— Continued 
SCOFIELD BAR THACHER BAR 





MONOLITH BAR 




Section 


Size, 


Weight per Foot, 


Section 


Size. 


Weight per Footj 


Index 


Inches 


Pounds 


Index 


Inches 


Pounds 


Scofield Bar ' 

i 


Thacher Bar 






EquiTSl«iit to Round 








*M 1969 


IH 


6.01 


*M 1546 


IH 


5.20 


*M 1968 


IK 


4.17 


*M 1545 


IH 


3.55 


*M 1967 


IH 


3.38 


*M 1544 


1 


2.32 


♦M 1966 


1 


2.67 


*M 1543 


H 


1.79 


*M 1965 


H 


2.04 


*M 1542 


K 


1.34 


*M 1964 


H 


1.50 


*M 1541 


H 


0.92 


♦M 1963 


H 


1.04 


*M 1540 


H 


0.58 


♦M 1962 


H 


0.67 








♦M 1961 


H 


0.38 

EqulTSlent to Square 








*M 1583 


H 


1.33 








*M 1682 


H 


0.85 








*M 1581 


H 


0.48 









Monolith Bar 



* Furnished only by special arrangement. 



Section 
Index 


Size, 
Inches 


Weight per Foot, 
Pounds 


*M 1500 


IH 


7.65 


*M 1508 


IH 


5.31 


*M 1507 


1 


3.40 


*M 1517 


H 


1.91 


*M 1506 


H 


1.33 


*M 1505 


H 


0.85 


*M 1504 


% 


0.48 
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CARNBQIB STEEL COMPANY 



GIRDER BAR SECTIONS 



*M 1852 

Customer's No. 704 




*M1853 

Customer's Na t06 



a. 
/ 



...t 



U— -if-— J 



WASHBOARD SECTION - TYPE A 



*M 1521 



1 ! /w 



r-*%I 




WASHBOARD SECTION - TYPE B 

*M 1522 



6V/ 



Section 
Index 



*M 1852 
*M 1853 

*M 1521 
*M 1522 



Rolled for Trussed Concrete Steel Co. 



Size, 
Inches 



4 X 1 3i X %6 

1 X 1 X %2 

(Mi X %2 X%2 
O}^ X 5,ifl X%2 



♦Rolled only by special arrangement. 



Weight per Foot, 
Pounds 



4.1 
1.62 

3.20 
3.95 
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CONCRETE REINFORCEMENT BARS 



-^?i•'•- 




HANGER BARS 



M980 







2 %'- -^i^yi^-y^^ 

4^" 



H 



*M935 



n 




r 



ix: 



->-/-^^ — i%~~4h;^^ 






T^ *M981 1-4-- 



Fu 



-23^- 



T 

T 



vrlli LW 



>^'r *M982 

A 



it 




-f T 



Ul— i-L-i. 






2y2- 




*M983; 



P---T 



j^ 2^- >i 

^ — |-§yM986 

_ 4":j_'1 







fets^^— ^^---^^^'^^'i 



Ujt: 2"- 



SI ^ 

-- *- sao 

--r 1 
1 — jt. 



-^h 





-,UL*M987 



! t 



K= 1-' X 



Section 


Size, 


Thickness, 


Weight per Foot, 


Index 


Inches 


Inches 


Pounds 




^HxlH 


Yx 


5.31 


*M980 


4M X 11%4 


>%4 


4.63 




4H X 11V04 


M'04 


4.18 


*M 935 


SVi X 1 

3 }^ X oyo4 


1%4 


4.41 
3.85 


♦M981 


2H X ^ 


%6 


2.61 


*M 982 


2J^ X 8^ 


'-8 


1.65 


♦M 983 


2 X H 


%6 


2.29 


*M 984 


2 X Vh 


H 


1.43 


*M 986 


1 X -H 


Ji 


1.30 


*M 987 


1 X iVie 


%e 


1.09 



* Furnished only by special arrangement. 
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CARNEQIE STEEL COMPANY 



CROSS TIE SECTIONS 





Width of Flanges 



M 28 
M 21 
M 25 
M 24 



4 3i 
3 



Top, Inches , Bottom, Inches 



5 

4 
3 



10 

8 
6 
6 



WebThicknesB, 
Inches 



Weight p» 
Foot, Pounds 



•Via 
H 

H 



27.8 

20.0 

14.5 

9.5 



Full information as to uses of steel cross ties is given in a separate pamphlet on Steel Croes Ties. 
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CROSS TIBS 



CROSS TIE SECTIONS—Concluded 



M27 




r 




M20 




09 



U^..^, 




it 



M18 2 




M26 




4 »hfl- 



-^'♦Vie 









M19 'CF^^'W^^^ 



Width, 
Inches 




Web Thickness, 
Inches 







Full information as to uses of steel cross ties is given in a separate pamphlet on Steel Cross Ties. 
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CARNEQIB STBBL COMPANY 












A. 8. C 


E. RAILS AND 


LIGHT RAILS 








L i ;i . 












'• — '^.^ 


•^ - 1,' 








■f 


^li' 




lUd. 




■'-:',' 










li-. 












r^^ ~~^ 










W .(, 








a- 


'S£- 


= 


b 


= 


A 


= 


"T' 


t 1> 


^ 


i 


— 


— 


In. 


1^ 


1^ 


In. 


uT 


TT 


In. 1b. 


TT 


In. 


IZ 


1^ 


10040 


100 


5H 


5^ 


23i 


1!1 


3A 


it 


Ap^A 


A 


M 


A 


A 






5K 


£H 


2« 


Ut 


aji 


« 


A kv. 


A 


K 


A 


A 


S540 


85 


SA 


EA 


3A 


i;i 


2^ 




A^H 


A 


a 


A 


A 


B040 


SO 






2Ji 


l>i 


2M 




H2A 


A 


a 


A 


A 


7540 




Hi 


4li 


21! 


UI 


331 




i! 2.'A 


A 


a 


A 


A 


7040 


70 


4H 


4M 


2,'a 


Dt 


Si! 




ii 2A 


A 


a 


A 


A 


6540 




4,'. 


4r. 


2il 


lA 


2K 




M 111 


A 


a 


A 


A 






iH 


4Ji 


2M 


!>'. 


3iE 




11 lilt 


A 


a 


A 


A 




65 


4.'. 


iA 


2W 


ur^ji 




1! mi 


A 


K 


A 


A 


6040 




3U 


3!^ 


2>S 


1>*,2A 




& HI 


A 


a 


A 


A 




45 


3)1 


3|i 


2 


I.'. 


I3i 




11 11) 


A 


H 


A 


A 


4040 




m 


Sii 


IJS 


I.'. 


lil 




II lAV 


i'. 


K 


A 


A 


3540 




3A 


3V» 


m 


tl 


ni 




11 lii 


A 


H 


A 


A 




30 


3J* 


3M 


li) 


>s 


135 




li i!t 


^ 


H 


A 


A 


2540 




SM 


BJi 


IM 


!t 


la 




JI IA\ 


H 


hi 


A, 


A 


2040 




2H 


2M 


lij 


11 


113 




M UJ 


W 


<\ 




A 




IQ 


m 


2H 


Ui 


tl 


lis 




/. i,S. 


A 


A 




A 


1440 




2,^ 


V, 


lA 


H 


Ij-, 




H W 


A 


A 




A 










I 


A 


lA 




,'. JI 


A 


A 




A 


1040 


10 


I'A 


1^ 


)i 


11 


If 




'^. 11 


^. 


A 




A 


S40 


8 


lA 


1^. 


)i 


tl 


li 




i. 11 


A 


A 




A 



AMERICAN RAILWAY ASSOCIATION RAILS 












SBRIBS 


A 


















T^TJi 




h 




A 




t 


( 


h 




j 


k 


1 




'^pJX- 


In, 


Ip. 


U. 


In, 


In. 


In- 


In- 




iL. 


In. 


In. 


la. 


10020 


100 


(t 










00 


B% 


5M 


lift 


n* 


3A 




A 


2« 


H 


H ]i'. 


>'. 


























•'. 


7020 


70 


4ii 


4W 


2H 


Mi 


2!i 


V, 


'-4 


2M 


W 


56 ■■', 


A 


8020 


80 


■tH 




■■in 


UI 


aiJ 


H 


4! 


311 


h 


H -.'. 


)'• 












SERIES 


B 
















BHtloa 


Pound* 


> 1 b 


c 1 d 


. 


t 


» 


b 


i 


i 


k 


1 


Inda 


In. 


BA 


IB. (In. 


ZBP 


i.\ 


ft 


SM 


In. 


A 


In. 


In. 


10030 


100 


e» 


m 


U1 


.'. 






£*! 


4tl 


2ft 


Hi 


m 


w, 


VL 


■■i\i 


H 


ft 


l'. 


,v 


8030 


80 


4IS 




a,'. 


m m 




31 


m 


% 


,'. 


.'" 


ft 


•7030 


70 143! 


4A'2?-^ 


m m 


tt 


Kj 




H 


ft 


n'. 


,'. 


•0030 


CO [-iAlan -H 


IK 2,1.1 y. 


n ' ns 


H 


ft 


ft 


ft 


•NotreBe 


byCunegie 


t«l 


.ompB 


W. 





















CARNEaiE STEEL COMPANY 

SPLICE BARS 

A. 8. C. E, RAILS AND LIOHT RAILS 



810D4D fa) S53M SHHOIoESMO gZMO 




_MrFD0l. 



S lOOiO 
8 0040 
S 8M0 



H. b 


■: 


d 


V 


I 


~ 


h 


t 


) 


k 


." 


la. 1 iB. ■ Id. 1 In. 


In. 


" "1 


"iT 


In. 


Id. 


Id. 


In. 


a/Jns' U ' M 


li 


iK 


H 


<!• 


ii 


A 


3K 


M 


2iim ]i a 


13 


lA 


H 


m 


« 


41 


au 


M 


a!i u: :i ! Si 


\i 


lA 


M 


■a 


il 


A 


211 


M 


SM H! ii ■ !i 


i! 


lii 


A 


li 


« 


A 


aw 


A 


3ili 111,1! Si 


,^ 


HI 


A 


HI 


ir 


Ai 


s» 


A 


213 ISI J! li 


ii 


lA 


A 


a 


il 


U 


ZH 


A 


2M U! 


it a 


ij 


111 


A 


a 


U 


:A 


SH 


A 


aj! i,V; 


il 


$i 


Si 


lA 


A 


If. 


1} 


A. 


3A 


H 


2il ! lii 


ii 


n 


M 


iM 


A 


VIA 


M 


A 


2A 


K 


2,VI1« 


a 


11 


*i 


lA 


it 


H 


M 


A 


AA 


M 


Ml ' lA 


1) 


ii 


ii 


it 


li 


ti 


11 


A 


131 


M 


i;!i ii 


M 


SI 


ji 


SI 


a 


A\ 


A 


tS, 


iJi 


A 


l!J. i^ 


It 


.'* 


A 


<! 


ii 


» 


13 


A 


1)! 


A 


M.^ ss 




13 


A 


id 


i'. 


II 


M 


A 


m 


A 


lai. !. i3 u 


A 


1) 


it 


/A 










Hi n H ("g 














ifli 31 li ,-. 














lA !3 ,', ,1, 














1^; Ji i'. .". 














U iS 1, U 














n ,'. J, /, 















SPLICE BARS 

SPLICE BARS— Concluded 

AMERICAN RAILWAY ASSOOIATION BAILS 




_-i.,-J 





ri^ 


. 


b 


= 


. 


, 


. 


. 


«' 


i_ 


i 


i 


k 




loita 
































p^ 


... 
















111. 










S 1O020 


19.04 


^H 


-IH 


i\ 


M 


H 


iH 


lA 


ti 


^* 


1 


« 


3ft 


^fi 




ia.64 


3^ 


-i+t 


HS 


U 


It 


If, 


lU 


■4S 


-A 


IE 


A 




Xl 


S 8020 




2U 


HI 


K 


44 


AV 


I'll 


It! 


at 


H 


U 








8 7020 




MM 


in 


U 


'A 


U 


U 




11 


« 


f! 


H 


■JA 


■Hr 


s ooao 


10.63 


211 


Ui 


a 


H 


it 


iM 


ItI 


A\\-^•, 


M 


At 


27, 


H 







«£^ 








A 


. 1 ( 




\ 


, 


t 


V 


, 




































, 1, 
















Pounda 


















.. 


111. 




3 10030 


16.92 


35! 


JH 


^( 


u 


M !ill 


liAt 


5(1 


VW 


11 


AV 


■iA> 


^ 










« 


ri 




iA 










i} 


2(Si 




S 8031 


12,05 


2(1} 


Uf 


n 


H 


tV. 


iJ. 


It*. 


l! 


iVI. 


M 


» 


2H 


11 


•S 7O30 
'8 603( 


11.90 


21} 


IV. 


u 


K 


,".■1. 


Jrtr 


11 


^ 


iVl. 


\\ 


M 




»s 


9.50 


2rt< 


iJS 


a 


U 


A^i 


lA 


ii 


M 


11 


k 


A 


:.?, 


il 



■Mot nlM by Caniegit Stod Coupia;. 



CARNEGIE STEEL COMPANY 




RAIL ACCESSORIES 




RAIL CLIPS 



"T 



si 

TNo. 103 



Jr 



r>a— * 



2W- i 







^ 



No. 114 



1%---- 




K. .1 



fm 



;.— -1 



H'e- 




(N 



:No. 118 




...i 



--i%o^'-*^-i2i/:'-j 

2% 




w-%— 



•«■ : 



21^10 



-IV^ 



.i> 



•> 
I 
I 



eg 



:No. 104 



5 1 




--1H6-V 



>8*- — j--?>*t-i-'--i-- 



04 



jNo. 108 



i 

.J 



■2V*- ^ 



I 




■No. 112 






RailCUp 
No. 


Size; 
Inches 


Weight 

per Foot, 

Pounds 


Weight of 
Finished 

Clip, 
Pounds 


Rail Section 


103 
114 
118 
104 
108 
112 


2Mx2 

IHxlH 

2^x2 

2i|x2 

2H^2 

2>ix2 


4.4 

2.3 

5.65 

7.3 

4.8 

4.2 


0.64 
0.25 
0.85 
1.10 
0.70 
0.62 


100 to 60 lb. A. S. C. E. Rails. 
50 to 20 lb. A. S. C. E. Rails. 
100 to 60 lb. R. B. Rails. 
100 to 60 lb. A.S.C.E. Angle Bars 

Girder Rails. 

Girder Rails. 



Clips can be furnished with §$" diameter holes. 
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CARNEGIE STEEL COMPANY 







PIP 


E— Bl 


LACK AND GALVA]> 

LL TUBE COM PANT BTANI 


riZED 






NATIONi 


»ASD 








STANDARD PIPE 








Sise, 
Tn. 


Diameten, 
Inches 


Thick- 
ness, 
Inches 


Weight per Foot, 
Pounds 


Threads 

per 

Inch 




Coai^ings 




Eztenial 


IntenuU 


Plain 
Ends 


Threads 

and 
G>uplingB 


Diameter, 
Inches 


Length, 
Inches 


Weight, 
Pounds 


H 


.405 


.269 


.068 


.244 


.246 


27 


.562 


K 


.029 


H 


.540 


.364 


.088 


.424 


.426 


18 


.685 


1 


.043 


% 


.675 


.493 


.091 


.567 


.568 


18 


.848 


IH 


.070 


H 


.840 


.622 


.109 


.850 


.852 


14 


1.024 


IH 


.116 


^ 


1.050 


.824 


.113 


1.130 


1.134 


14 


1.281 


IH 


.209 


1 


1.315 


1.049 


.133 


1.678 


1.684 


IIH 


1.576 


IH 


.343 


iy4. 


1.660 


1.380 


.140 


2.272 


2.281 


IIH 


1.950 


2H 


.535 


IH 


1.900 


1.610 


.145 


2.717 


2.731 


IIH 


2.218 


2H 


.743 


2 


2.375 


2.067 


.154 


3.652 


3.678 


llH 


2.760 


2H 


1.208 


2}i 


2.875 


2.469 

• 


.203 


5.793 


5.819 


8 


3.276 


2H 


1.720 


3 


3.500 


3.068 


.216 


7.575 


7.616 


8 


3.948 


3H 


2.498 


S}i 


4.000 


3.548 


.226 


9.109 


9.202 


8 


4.691 


3^ 


4.241 


4 


4.500 


4.026. 


.237 


10.790 


10.889 


8 


5.091 


3^ 


4.741 


4>4 


5.000 


4.606 


.247 


12.538 


12.642 


8 


5.591 


3^ 


5.241 


5 


5.563 


5.047 


.268 


14.617 


14.810 


8 


6.296 


4H 


8.091 


6 


6.625 


6.065 


.280 


18.974 


19.185 


8 


7.358 


4H 


9.554 


7 


7.625 


7.023 


.301 


23.644 


23.769 


8 


8.358 


4H 


10.932 


8 


8.625 


8.071 


.277 


24.696 


26.000 


8 


9.358 


4^ 


13.905 


8 


8.625 


7.981 


.322 


28.564 


28.809 


8 


9.358 


4^ 


13.905 


9 


9.625 


8.941 


.342 


33.907 


34.188 


8 


10.358 


5H 


17.236 


10 


10.750 


10.192 


.279 


31.201 


32.000 


8 


11.721 


6H 


29.877 


10 


10.750 


10.136 


.307 


34.240 


36.000 


8 


11.721 


6K 


29.877 


10 


10.750 


10.020 


.365 


40.483 


41.132 


8 


11.721 


6K 


29.877 


11 


11.750 


11.000 


.375 


45.657 


46.247 


8 


12.721 


6K 


32.550 


12 


12.750 


12.090 


.330 


43.773 


46.000 


8 


13.968 


6H 


43.098 


12 


12.750 


12.000 


.375 


49.562 


60.706 


8 


13.968 


6H 


43.098 


13 


14.000 


13.250 


.375 


64.568 


66.824 


8 


15.208 


6H 


47.152 


14 


15.000 


14.250 


.375 


58.573 


60.376 


8 


16.446 


6H 


59.493 


15 


16.000 


16.260 


.375 


62.679 


64.600 


8 


17.446 


6H 


63.294 




The permif 


isible variation in ^ 


'eight is 5 p 


er cent, a 


bove and 5 


p^ cent. 


below. 






Furnished 


with threads and cc 


>upling8 and 


. in rando 


m lengths 1 


inle88 0th( 


arwise ordi 


and. 




Taper of t 


breads is M" diam 


eter per f oo 


t length f( 


[>r all sises. 








indw 


The weigh 
ling the coi 


t per foot of pipe 
ipling, but shipping 


with threa 
lengths of 


ds and co 
small m& 


uplings is 
9 willusua] 


based on 
Uy averag( 


a length < 
9 less than 


>f 20 feet, 
20 feet. 


desin 


All wcighti 
>d must be 


] and dimensions an 
specified. 


e nominal. 


On sizes 


made in n: 


i(ae than 


one weigl 


it, weight 
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PIPE-BLACK AND GALVANIZED— Concluded | 


NAT.OBAI, TdB. C 


DMFAKI BTANDiBD 


BXTBA STRONG PIPE 


DOUBI^ EXTRA 8TB0NG PIPE 








Weight. 








Wcigbt 


















Sm. 


Inchei 


Thioli- 


F^t, 


SiH, 


Incl™ 


Thiuk- 


F=<,t. 




nsa, 


Fdundi 




OtBS. 


Fouodi 




ElttRUl 


lBl«™l 


'"" 


End! 




flrtmml 


Intoraul 


"" 


FkiD 


TT 


.405 


.215 


.095 


314 


>4 


840 


253 


.294 


I 714 
















K 


iloso 






; 


440 






676 




423 








1.31S 


.599 


.368 




650 






840 






.147 




in 






.382 






si 












1.473 


04 










403 




1 


3ie 




957 








2:375 


ilsoa 


:436 




J2B 


i>i 




BGO 




278 


.101 




2!4 


2.875 


1.771 








i>i 


























2 












5!o22 


3H 


4.000 




.636 




850 


2H 


1 


87Q 


2 


323 


.278 






4.600 


3.153 


.674 


2; 










J 


900 




10!252 


4H 






.710 






3« 












12.505 








.750 




682 


4 


4 


500 






,337 








4.897 


.864 


5; 


160 


4M 




000 




2B0 


.355 






7-625 


5.B7S 








6 


j 




< 






20:778 
2S.573 
















7 




fl26 


( 


da 5 


.500 












7 








lengUu unlea otlim.« onlmd. 














48! 728 


FamiBible vuiatiun in weight, lor eitrs 


10 


10 


750 


( 


750 


:500 




Btrgng pipe, S pa cunt. ibovB iind 5 per neat. 


12 


[I 


760 


11 


7E0 


*E00 


05.4 15 


Fo^dojihle cm rtrong pipe, 10 pa- o™t. 
All woghU and diDienmona ue Duminsl. 


13 


U 


000 


i; 


000 


!500 


72.091 






000 




000 






15 


Ifl 


000 


15 


000 


.500 


82.771 




LARGE O 


D. PIPE 


.| WaghtpH 


Foot.P«u>da 


t 


ThkknaH, Inch« 


« 


Vu 


1 % 


Mb 


Vi 


%, 


% 


?i 'A 


' 


14 


»>.,.3 


46.88. 


54 568 


63 37 


72.001 


80 726 


89 27 


106.134 122.65- 




11 


39.383 


49.02 


66 


57; 


^ 


0< 


77.43 


80 




^ 


95 




il?1M 


11 


12.053 


52.35 










82.77. 








32 




160:202 


17 


M.723 


66. ee 


Of 


















130:i64160:69( 


170.882 


18 


17.393 


60.03 


70 




82 


06 


93:45: 


104 




115 


97 


138.174160.03 








(5.70 


78 














12[ 


33 


154. 94178.72 


















1 109^47 














2: 




■2:38 




m 


I0( 


7f 


;[l 14.81: 


12t 


787 


I4S 


as 


170: 16 




















SOI 
































202: 65 




2S 








128 


787,ue.8r,; 


ie< 






73 


218.27! 




li 








13S 
















PumiiliBd with plain ends and in random 


cnglb,. uuloe Dtber»i« opdwed. 1 


All wdgbta u.d dimBoaioiv are aornbal. 





CARNEQIE STEEL COMPANY 



SCREW THREADS 



AMERICAN BRIDGE COM PANT STANDARD 

Bolts, Rods, Eye Bars, Ttjrnbuckles, Sleeve Nuts, and Clevises 




4 

I 

I 

I 
I 
I 



Diameter 


Area 


Number 

of 
Threads 


Diameter 


Area 


Number 
of 


Total 


Net, 


Total 


Net 


Total, 


Net, 


Total 


• Net 


Threadfl 


d. 
In. 


In. 


Dia., d, 
Sq.In. 


Dia., c, 
Sq.In. 


hich 


d, 
In. 


In. 


Dia.,d, 
Sq.In. 


Dia.,c, 
Sq.In. 


£2i 


H 


.186 


.049 


.027 


20 


214 


2.175 


4.909 


3.716 


4 


H 


.294 


.110 


.068 


16 


2% 


2.300 


5.412 


4.156 


4 


H 


.400 


.196 


.126 


13 


2H 


2 425 


5.940 


4.619 


4 


H 


.507 


.307 


.202 


11 


2% 


2.550 


6.492 


5.108 


4 




.620 
.731 


.442 
.601 


.302 
.419 


10 
9 


3 

3M 


2.629 
2.879 


7.069 
8.296 


5.428 
6.509 


3H 
3H 


1 


.838 


.785 


.651 


8 


3>4 


3.100 


9.621 


7.549 


3H 


IH 


.939 


.994 


.693 


7 


3^ 


3.317 


11.045 


8.641 


3 


IH 


1.064 


1.227 


.890 


7 












IH 


1.158 


1.485 


1.064 


6 


4 


3.567 


12.566 


9.993 


3 


IH 


1.283 


1.767 


1.294 


6 


4M 


3.798 


14.186 


11.330 


2}i 


1% 


1.389 


2.074 


1.515 


&H 


4>4 


4.028 


15.904 


12.741 


2H 


IH 


1.490 


2.405 


1.744 


5 


^% 


4.255 


17.721 


14.221 


2H 


VA 


1.615 


2.761 


2.049 


5 


5 


4.480 


19.635 


16.766 


2H 


2 


1.711 


3.142 


2.300 


4H 


5M 


4.730 


21.648 


17.574 


2H 


2H 


1.836 


3.547 


2.649 


4H 


5>4 


4.963 


23.758 


19.268 


2H 


2>i 


1.961 


3.976 


3.021 


4>4 


5M 


5.203 


25.967 


21.262 


2H 


2% 


2.086 


4.430 


3.419 


4H 


6 


6.423 


28.274 


23.095 


2M 



„f..... 




BOLT HEADS AND NUTS 

AMERICAN BRIDGE COMPANY STANDARD 






111 I 







•^-fiTn*- 



U-h-*» 




Rough Nut 


Finished Nut 


Rough Head 


Finished Head 


f 


g 


f 


g 


f 


h 


f 


h 


.6d+M" 


d 


1.5d+M6" 


d-^Vie" 


1.6d+K" 


0.5 f 


IM+He" 


0.6f-V4«' 



For Screw Threads, Bolt Heads and Nuts, the American Bridge Cranpany has adopted the 
JUiklin Institute Standard, commonly known as United States Standard. 
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BOLT HEADS .\ND NUTS, Dimensions in Inchbb 






_[XI_ 



li! 
i« 

lii 



i't 

¥ 

it 

41! 



iS 



BOLT THREADS. Length in Inchus 



ta tbreaded closer Is 



iX- 


Diunetar. Incha 


« 


H 


M 


H 


M 


% 


1 


IH 


I« 


I to IM 


H 


% 


1 


i» 












iHto a 


« 


H 




IW 


l« 


IK 








a«to 2M 


« 


H 




I« 


iM 


IM 


IM 






2Mto a 


W 


H 




IM 


m 


IH 


IH 


aw 




3MW 4 




H 




iM 


iM 


i5i 


IM 


2« 


BSi 


4HW) 8 






IW 


IS 


m 


2 


aw 


2H 


2M 


8Htol2 






m 


13^ 


3 j 2M 


2^ 


3 










IK 




2 1 2W 









CARNEQIE STEEL COMPANY 



BOLTS WITH SQUARE HEADS AND NUTS 

AMERICAN BRIDGE COMPANY STANDARD 



Weight in Pounds per 100 Bolts 



Length 
Under 








Diamete 


»r of Bolt 


, Inches 

-in 


% 






Head, 
Inches 


V4 

4 


•Jio 


11 


Vio 


% 


1 


1 


7 


15 


22 


37 


56 






IM 


4 


7 


11 


16 


23 


39 


59 






I'A 


5 


8 


12 


17 


24 


41 


62 






IH 


5 


8 


13 


18 


26 


43 


64 






2 


5 


9 


14 


19 


27 


45 


67 


101 


144 


2H 


6 


9 


16 


20 


28 


47 


71 


104 


150 


2yi 


6 


10 


15 


21 


30 


49 


74 


109 


155 


2% 


6 


10 


16 


22 


31 


51 


77 


113 


161 


3 


7 


11 


17 


24 


33 


54 


80 


117 


167 


3H 


7 


12 


18 


25 


35 


58 


86 


126 


178 


4 


8 


13 


20 


28 


38 


62 


92 


134 


189 


4>4 


9 


14 


21 


30 


41 


66 


98 


142 


198 


5 


10 


15 


23 


32 


43 


71 


104 


151 


209 


5H 


10 


16 


25 


34 


46 


75 


111 


159 


220 


6 


11 


17 


26 


36 


49 


79 


117 


168 


232 


6H 






28 


38 


52 


84 


123 


176 


243 


7 






29 


40 


55 


88 


129 


185 


254 


7M 






31 


42 


57 


92 


136 


193 


265 


8 






32 


45 


60 


97 


142 


202 


276 


9 






34 


49 


65 


105 


154 


218 


298 


10 








53 


71 


114 


167 


235 


320 


12 








61 


82 


131 


192 


269 


364 


14 










93 


148 


217 


303 


409 


Per Inch 
Additional 


1.4 


2.2 


3.1 


4.3 


5.6 


8.7 


12.5 


17.0 


22.3 



SQUARE NUTS AND BOLT HEADS 

AMERICAN BRIDGE COMPANY STANDARD 

Weights in Pounds for OifE Head and One Nut 



Diameter of Bolt, 
Inches 


IVi 


IMi 


ia4 


2 


2H 


3 


Square Head and Nut — 
Weight of Shank per Inch 


2.05 
.3477 


3.51 
.5007 


5.48 
.6815 


8.08 
.8900 


15.5 
1.391 


26.2 
2.003 
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BOLTS WITH HEXAGON HEADS AND NUTS 




AM.UCAB «S,I,aB ™«P*«r B,A»D«D 




Wbioht in Pounds per 100 Bolts 


length 


DiuuMa el Bolt, Inrhn 


U.«th 


Donietei of Bolt Incba 


Dndei 
Head. 




Rai. 























'.; 


H 


W 


Ti 


^ 


luEha 


Vi 


•^ 


V* 


Tfe 


^ 


^ 


,g 


33 


63 






8 


58 


92 


137 


104 


2B4 


i-H 






64 






SH 


UO 


98 


143 


202 


274 


IH 




















210 


285 


IM 












m 














24 


40 




93 


132 








162 






^H 


26 










lOH 


71 




168 




318 


2H 






89 


101 


143 






118 




244 


339 


2M 








lOS 


■48 


11!^ 








253 














154 














3^ 


31 


51 


78 




160 


riii 






183 






3!^ 


33 




82 




leo 


13 


85 


135 






374 


3^ 








132 




13H 




130 




287 


385 


4 










178 














4K 


37 




00 


130 


ISO 


14J^ 






318 






iH 


38 


82 




134 




15 


06 


152 


325 




418 


AH 








138 


lai 


15M 




157 




321 




6 








143 


197 










330 




fiK 




88 


103 


147 


202 


18« 


105 




243 






hlA 


M 


71 








17 


107 


170 


250 




463 


&U. 


45 










17W 




174 






474 




46 


75 
















364 




6ii 


48 




U5 


164 


225 


18^ 


l!8 




288 






e>j 


4B 


Ta 


iia 


188 


230 


10 




187 


275 




507 


6M 


SI 










IBW 








389 






b3 


84 












196 




398 




7H 


53 






















7M 


S5 


88 


131 


185 


252 














7M 


56 


BO 




















PtrlMh 


i.6 


8,7 


12.5 


17.0 


32.3 


Addition. 


5,8 


^ 


12.5 


17.0 


22.3 




HEXAGON NUTS AND BOLT HEADS 




AMBBICAN BSIDOI COHPAHT STAHDtSO 




WwGHTa IN Pounds for One Head and One Nut 


Dia 


nKlerorBolt, 


















IW 


1"* 


1% 


^ 


3W 


^ 


Hexagon 


Head and NuC- 


1.73 


2.95 


4.81 


8.79 


13.0 


22.0 


Weight 


f Shank per Inch 


.3477 


.6007 


.8815 


.8900 


1.391 


3.003 



CARNEQIB STEEL COMPANY 



UPSET SCREW ENDS FOR SQUARE BARS 

AMBBXCAN BBXDGB COMPANY BTANDABD 




Pitch and Shape of Thread A. B. Oo. Standard 





BAR 








UPSET 








Area, 
Inches 


Weight 

Fw)t. 
Lbs. 


Diameter 

b. 

Inches 


Length 

a, 
Inches 


Additional 
I^ength 

for 

Upset 

+10%. 

Inches 


Diameter 

at 
Root of 
Thread 

c. 
Inches 


Area 


Side of 
Square 

d, 
Inches 


At Root 

of 

Thread. 

Sq. Inches 


ExoesB 

Over 

Area of 

^' 

% 


* Va. 


0.663 


1.91 


13^ 


4 


4 


0.939 


0.693 


23.2 


* % 


0.766 


2.60 


1^ 


4 


3H 


1.064 


0.890 


16.2 


1 


1.000 


3.40 


1>4 


4 


4 


1.283 


1.294 


29.4 


13^ 


1.266 


4.30 


1^ 


4 


3H 


1.389 


1.515 


19.7 


IM 


1.663 


6.31 


VA 


4>4 


4H 


1.615 


2.049 


31.1 


IH 


1.891 


6.43 


2 


4H 


4 


1.711 


2.300 


21.7 


1>4 


2.260 


7.66 


2M 


6 


6 


1.961 


3.021 


34.3 


m 


2.641 


8.98 


2H 


6 


4>4 


2.086 


3.419 


29.5 


m 


3.063 


10.41 


2H 


5H 


4H 


2.176 


3.716 


21.3 


VA 


3.616 


11.96 


2H 


5H 


6 


2.426 


4.619 


31.4 


2 


4.000 


13.60 


2H 


6 


6 


2.660 


5.108 


27.7 


2H 


4.616 


16.36 


3 


6 


4>4 


2.629 


6.428 


20.2 


2% 


6.063 


17.21 


3M 


QH 


6H 


2.879 


6.509 


28.6 


2% 


6.641 


19.18 


3H 


7 


• e^i 


3.100 


7.549 


33.8 


2yi 


6.260 


21.26 


SH 


7 


7 


3.317 


8.641 


38.3 


2% 


6.891 


23.43 


SH 


7 


6>4 


3.317 


8.641 


25.4 


2K 


7.663 


25.71 


4 


7H 


6H 


3.667 


9.993 


32.1 


2% 


8.266 


28.10 


4M 


8 


7H 


3.798 


11.330 


37.1 


3 


9.000 


30.60 


4M 


8 


6 


3.798 


11.330 


25.9 


3H 


9.766 


33.20 


4>^ 


8K 


7 


4.028 


12.741 


30.5 


3M 


10.663 


35.91 


4M 


8H 


7>4 


4.266 


14.221 


34.6 



Upsets marked * are special. 
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UPSET SCREW ENDS 



UPSET SCREW ENDS FOR ROUND BARS 

AMERICAN BRIDGE COMPAl^T STANDARD 





Pitch and Shape of Thread A. B. Co. Standard 



BAR 






UPSET 




— 1 




Area, 
Inches 


Weight 
per 
Foot, 
Lbs. 


Diameter 

b, 

Inches 


Length 

a. 
Inches 


Additiona 

Length 

for 

Upeet 


1 Diameter 
at 
Root of 
Thread 

c. 
Inches 


Area 


Diametar 
d. 
Inches 


At Root 

of 

Thread, 

Sq. Inches 


Excess 
Over 

Area of 
Bar, 

% 


♦ ^ 


0.442 


1.60 


1 


4 


4 


0.838 


0.651 


24.7 


♦ H 


0.601 


2.04 


lyi 


4 


5 


1.064 


0.890 


48.0 


1 


0.785 


2.67 


IH 


4 


4 


1.158 


1.054 


34.2 


IH 


0.994 


3.38 


IH 


4 


4 


1.283 


1.294 


30.2 


IH 


1.227 


4.17 


i^A 


4 


4 


1.389 


1.515 


23.5 


IH 


1.485 


6.05 


1% 


4 


4 


1.490 


1.744 


17.6 


IH 


1.767 


6.01 


2 


4H 


4^ 


1.711 


2.300 


30.2 


IM 


2.074 


7.05 


2H 


4K' 


4 


1.836 


2.649 


27.7 


IH 


2.405 


8.18 


2Ji 


5 


4 


1.961 


3.021 


25.6 


114 


2.761 


9.39 


2% 


6 


4 


2.086 


3.419 


23.8 


2 


3.142 


10.68 


2H 


6H 


4 


2.175 


3.716 


18.3 


2H 


3.547 


12.06 


2H 


5H 


3^ 


2.300 


4.156 


17.2 


2M 


3.976 


13.62 


2Ji 


6 


4>4 


2.550 


5.108 


28.4 


2H 


4.430 


16.06 


3 


6 


4H 


2.629 


5.428 


22.6 


.2H 


4.909 


16.69 


SH 


ey^ 


5^ 


2.879 


6.509 


32.6 


2^ 


5.412 


18.40 


3M 


6H 


4>4 


2.879 


6.509 


20.3 


2% 


5.940 


20.19 


SH 


7 


5>^ 


3.100 


7.549 


27.1 


2Ji 


6.492 


22.07 


SH 


7 


6 


3.317 


8.641 


33.1 


3 


7.069 


24.03 


s*A 


7 


6 


3.317 


8.641 


22.2 


3H 


7.670 


26.08 


4 


7H 


6 


3.567 


9.993 


30.3 


SH 


8.296 


28.21 


4 


7^ 


6 


3.567 


9.993 


20.5 


Z% 


8.946 


30.42 


4K 


8 


5>4 


3.798 


11.330 


26.6 


zyi 


9.621 


32.71 


4K 


8 


5 


3.798 


11.330 


17.8 


3^ 


10.321 


35.09 


4H 


8H 


5H 


4.028 


12.741 


23.4 


3M 


11.045 


37.55 


4% 


8H 


6 


4.255 


14.221 


28.8 


3K 


11.793 


40.10 


4.H 


8Ha 


5H 


4.255 


14.221 


20.6 


Upseta 


marked * arespe 


cial. 
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CARNEOIE 


STEEL COMPANY 












EYE BARS 

OBDINAKY EYE BAR '1 ADJUSTABLE EYE BAB 




: /Z 










— ^ 


.rfcac^j^ 


-^"-1 


II 1 )) \i 




'■±^-^ ^-J 








,— a 


" 


pin to =nd df imw, fl'-fl", unfcnbly T-*'. 

Pit*h >Dd Stupe of Thmid A. B. Co. 
BtuKUm. 


BAH 1 HEAD ' BAR 1 BCBEW END 


1 


■S.' 


W.kc» 


• ft 


Ufflum 


«■■ 


Min. 
In. 


Din. 


ElCH 

1" 


Leoilh 


Additi»>l 


1^ 


Mid 
In 

h 
M 


5 


biaial 
Head 

37 ■» 
40 


Foe 
1- 

1:1 

2- 


a. 7 


In. 

m 

3 


For 


For 
fienr- 


2 
2JS 


'- 




!S 


3B 
3( 


s 


a 


J,8 


iM 


1 


IS 
1 

32 






;< 


1 


3 


IH 




.•§ 




417 


f 


1- 


f 


:r 




IH 






37 fi 


1- 

2- 
3- 


-^ 

2- 
2- 

1"' 

a-1 


4 

e 








. "^ 


1 


37 5 




• ^ "Ji 




n-i" 


7 








• » 


s 












as 7 


2-"K 
3- 


?1 






h 
1 

IS 


48 




37 6 


1>J 4>i 


is 


IS 


s 


a 




S 


s 


33 g 


1: ■" \imn 




OH 


10 


^ 






35.0 


3- : 


8 


i^ SM 


P 

AM 




37.6 




8- 


14 
16 


2 


J; 




3S.y 


t,s 


4^ 


Birs m^BJ • nhmiLd only be unoi irtiiin 1 


"37H 




as 


s'i 




.. 










" 


i 



LOOP RODS 



LOOP RODS 

AMBBICAN BBIDQE COMPANY STANDARD 



Risrht Thread 




Fi.^..lr^^^L-Z*^}^\!fbJ^W^-^l---J'^ 






_ Leng&_l 

♦I For Tumbuckle 
.^ .^- -t.3."J For Sleeve Nut 

Pitch and Shape of Thread A. B. Co. Standard 

Additional Length "A" in Feet and Inches for One Loop 

A=4.17p+5.89r 



Diam. 
of 


Diameter or Side "r" of Rod in Inches 


Pin, 
P 


% 


% 


1 


1% 


lU 


1% 


IV2 


1% 


1% 


1% 


2 


IH 


0- 


9H 


0-10 


0-11 


o-UH 






• 










IH 
IH 
IH 


0-10 
0-11 
1- 


0-iOH 

O-llH 
1- OH 


O-UH 

1- OH 
1- IH 


1- 

1- 1 

1- 2 


1- 1 
1- 2 
1- 3 


1- 2H 
1- 3H 


1- 4H 


1- 5 


1- 6 






2 


1- 


1 


1- IH 


1- 2H 


1- 3 


1- 4 


1- 4H 


1- 6H 


1- 6 


1- 7 


1- 7H 


1- 8H 


2H 

2H 
2H 


A" 


2 
3 
4 


1- 3 
1- 4 
1- 6 


1-3H 

1- 4M 
1- 5>i 


1- 4M 
1- 5H 
1- 6H 


1- 6 
1- 6 
1- 7 


1- 5H 
1- 7 
1- 8 


1- 6H 
1- 7H 
1- 8H 


1- 7 
1- 8 
1- 9H 


1- 8 
1- 9 
1-10 


1- 8H 
1- 9H 
1-11 


1- 9H 
1-lOH 

1-ilH 


3 


1- 


5 


1- 6 


1- 6H 


1- 7H 


1- 8 


1- 9 


1- 9H 


1-lOH 


1-11 


2- 


2- OH 


*^H 
3H 

*SH 


A* 


6 

7H 
SH 


1- 7 
1- 8 
1- 9 


1- 7H 
1- 8H 
1-10 


1- 8H 
1- 9H 
1-lOH 


1- 9 
1-10 
1-11 


1-10 
1-11 
2- 


1-lOH 
1-llH 

2- OH 


1-llH 
2- OH 
2- IH 


2- 
2- 1 
2- 2 


2- 1 
2- 2 
2- 3 


2- IH 
2- 2H 
2- 3H 


4 


1- 


9H 


1-10 


1-11 


1-llH 


2- OH 


2- 1 


2- 2 


2- 2H 


2- 3 


2- 4 


2- 4H 


*4H 
4H 

*4M 






1-11 
2- 
2- 1 


2- 
2- 1 
2- 2 


2- OH 
2- IH 
2- 2H 


2- IH 
2- 2H 
2- 3H 


2- 2 
2- 3 
2- 4 


2- 3 
2- 4 
2- 5 


2- 3H 
2- 4H 
2- 5H 


2- 4H 
2- 5H 
2- 6H 


2- ^ 
2- 6 

2- 7 


2- 6 
2- 7 
2- 8 


5 






2- 2H 


2- 3 


2- 3H 


2- 4H 


2- 5 


2- 6 


2- 6H 


2- 7H 


2- 8 


2- 9 


*5H 

5H 

*5H 








2- 4 
2- 6 
2- 6 


2- 6 
2- 6 
2- 7 


2- 5H 
2- 6H 
2- 7H 


2- 6 

2- 7H 
2- 8H 


2- 7 
2- 8 
2- 9 


2- 7H 
2- 9 
2-10 


2- 8H 
2- 9H 
2-lOH 


2- 9 
2-10 
2-llH 


2-10 
2-11 
3- 


6 








2- 7 


2- 8 


2- 8H 


2- 9H 


2-10 


2-11 


2-llH 


3- OH 


3- 1 


*eH 

QH 

*^H 










2- 9 
2-10 
2-11 


2- 9H 
2-lOH 

3- 


2-lOH 
2-llH 
3- OH 


2-11 
3- 
3- 1 


3- 
3- 1 
3- 2 


3- OH 
3- IH 
3- 2H 


3- IH 
3- 2H 
3- SH 


3- 2 
3- 3 
3- 4 


7 










3- 


3- 1 


3- IH 


3- 2H 


3- 3 


3-3H 


3- 4H 


3- 5 



Pins marked * are special. Maximum shipping length of ' 'r'=35 feet. 
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CARNBQIE STEEL COMPANY 
CLEVISES 

11 dlmeosLODS In iDcbes 




Orij^Hluckiiev of i^ta + ^*' but must iiot«i»ed dimenmai 



3 3 4 
3Ji3!i 5 



IH|2W IH 
1H\2H 1M 
2.ii3^ 2KlM|4H 





Clevis NTntsERS 


FOR 


Vahtoob Rods ahb Pins 






Rods 


Plnl 


Rnind 


ai«« 


UtXHt 


1 IV. 1 IW 


4 
4 


2 


2U 


«4 


Ml 


s 


3U 


3U 


IH 

' 'I'ji' ' 
m 

IK 

2M. 


K 
'iii ' 

IK 
2% 


I 

IK 

IK 

!H 

2>* 
2i^ 
2H 
2H 

2Ji 
3 


3 


4- 

4 


3 

4 

5 

S 




5 

a 




£ 

6 
4 


-|" 




7 
t 




OcvBai above aitd to tight of 


i«>i« 


inen 


ay be 


iiied 


•ittafo 


riuiti 


w^t. 




bsloi 


* and 



TURNBUCKLES AND SLEEVE NUTS 



TURNBUCKLES AND SLEEVE NUTS 




lUDRIC.H BniDOE C 


OUPANT S-I>NDtni> 




AU DlmeDBioi 


s In iDchea 




TDBNBCOKLEB 


SLEEVE NDTa 




^^..„.-..n...^^. 


^_4-_d- 




J-=ib^^=KL A-& 


n_ pir-iM 1 




^irri^y. '© 


;0_,i oscSls;3^^ 




1 i J t b J 








' 




Fitch uid ehnpp ol thrcjid. A. B. Co. Stamlud. 


Pildi ami •iiqMol tht.^, A. B. Co. StaBdari 




Diun 


Standanl Diiocivaia 


I1 


4. 


SUod^Di^e^o, . 


|1 


























d 


' 


= 1 ' 


* 


b 


Sb. 


u <] 


■' 


_Li_l. 


" 


' 


es. 




« 


A 


7H 


A 


A 


iS 


lA 


1 




















A 


31 


7A 


M 


>i 


H 


1*^ 






















M 


H 


7>i 


M 


» 


K 


1% 






















A 


11 


711 


iS 


A 


M 


lA 


IH 




















^ 


\t 


7K 


i! 


A 


Si 


lA 


m 




















« 


IM 


8M 


lA 


it 


^ 




a 




















M 


lA 


m 


IW 


% 


1 


2W 


3 


« 


IJi 


? 


IJ* 


m 


1« 


a 


a 




I 


IM 


g 


lA 


A 


i>i 


aA 


4 


1 


IJS 


7 


m 


IH 


IK 


H 


3 




IH 


IH 


9H 


JA 


m 


IW 


ZA 




iH 


1« 


VH 


2 


3A 


m 


A 


4 




IW 


iJS 


9K 


lA 


M 


i« 


2!i 




^a 


IM 


7M 


s 


aA 


IK 


A 


4 




IH 


a^. 


lOH 


lii 


>i 


i« 


3A 




m 






2*i 


2M 


IK 


K 






IK 


3K 


inH 


IM 


« 


IM 


3A 




ij^ 


2 


6 


SK 


2Ji 


IK 


K 


e 




IK 


2A 


loji 


3 


M 


i^i 


3W 




iH 


2M 


«« 


2M 


3A 


ili 


A 


s 




IM 


2H 


IIH 


2M 


K 




3M 




IW 


2)i 


S}^ 


2« 


3ft 


IJs 








IM 


ZH 


UK 


SA 


li 


an 


3K 


12 


IK 


2>^ 


« 


3W 


3K 


2M 


>i 


10 




a 


3 


13 


2H 


11 


au 


IM 


14 


3 


2H 


9 


3M 


3M 


2ii 


^ 


11 




aw 


3A 


12H 


2« 


<j 


2K 


4H 




2Hi 


aSi 


•»)4 


SW 


4A 


an 


A 


14 




ay 


3N 


lay 


SH 


H 


3K 


4?i 




2W 


2K 


BM 


3H 


4A 


aK 


A 


IS 




aji 


SA 


I3H 


au 


IJ 


2« 


-*?< 


23 


aM 


3 


10 


3H 


4J5 


2K 


K 






aw 


3K 


13M 


3A 


H 


a 


6H 




ajs 






aji 


*}4 


2K 


K 


19 




aji 


4« 


14W 


3M 


41 


3« 


■B*i 




2^ 


3W 


lOH 


4M 


4)1 


2Ji 


4i 


23 




2K 


4A 


14M 


3A 


lA 


3!i 


flA 


30 


2Ji 


3H 


11 


4M 


SM 


BK 


Ji 


27 




3 


4W 


IS 


3M 


lA 


3W 


aw 


40 


3 


3M 


11 


iH 


6« 


3H 


K 


aa 




m 


-iH 


10« 


3M 


lA 


* 


AM 


GO 


3M 


3M 


IIH 


6 


AH 


3K 


41 






SH 


*M 


16M 


4W 


»A 


4 


7M 




3)^ 


4 


12 


6H 


m 


3K 


K 


40 




ZH 


5« 


17H 


4A 


lA 


B 


SJi 


95 


3!i 


4« 


laji 


SJi 


du 


3Ji 


11 


47 




i 


8 


18 


IM 


lA 


5 


SK 


loa 


4 


4H 


IB 


8M 


7,i 


4M 


I 


£5 




•*yi 


SH 


aiM 


*H 


1^ 


BA 


DM 




4W 


4k 


13M 


OH 


*« 


4H 


lA 


«fi 




•4M 


8J( 


22M 


5H 


i« 


flJi 


lOJi 




4M 


5 


1* 


«H 


Til 


4K 


lA 


75 




•4M 7M 


23M 


5W 


2 


flMnJi 


205 




















•a nyi 


2* 


' 3H 


ew'iiK 


250 






^ \ ^ ^ \ 



CARNEQIE STEEL COMPANY 



RECESSED PIN NUTS 



<iuliins In iDcbes 




II 




COTTER PINS 



All Dlmenslona li 



cb- ^; — n-—f: 



Ho 


BUOKMLO 


V«TIC*1, 


PmPmramB 


Hdhhof 


.T.LP™llou™«F«»mD 


Pin 


Hiad 




Col lor 


Pin 




CdHb 


p 


h 


* 


c 


(i 




n 


= 


d 


§ 


i» 




is 


1^ 


s 




« 


^ 




















s 


H 


■& 


1^ i 


s 


+ 

f 


» 


1 


^ 


j« 




i H 


^t* 


i 




Q 




iH 








sU 




fl 


H 



RIVETS 



STRUCTURAL RIVETS 

AMBBZCAN BRIDQB COMPANY STANDARD 

Dimensions in Inches 



-1%- 




U 1%— -J 





1^8 






*— -1% — -i' 



H^4-A 






> 









-K 



Z 






<♦ 1 •» 



l.-2%2-'' 



I 



—■ *i 







iri- 




L. 



-I9i6--' 






^^ 



5>i 



%* 



A 






w-lft 



^ 



General Formulas for Proportions of Rivets, in Inches 
j» a-— -- ^ piyll driven head, diameter, a=1.5 d + H" 

•• depth, b=0.425a 
•• radius, 
radius. 




1 — t 



*t 



I 



— ♦ 



^ Countersunk head, depth, 

* 






c=b 
e=1.5b 
f=0.5d 
diameter* g=1.577d 
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CARNEQIE STEEL COMPANY 



STRUCTURAL EIVETS 

Lbnoths of Field Rivets fob Vabiottb Grips 

Dlmeoslans la Inches 
-Grip,*.. »-Grin.a- -Grtp. b— , ;^Grip,b— 



STRUCTURAL RIVETS 



Weight in Podnd3 f 



a Button Heads 



Length 


„ — 


Biv 


t.«« 


Unglh 
Under 
H«d. 


Diaoi 


l«r o! Rivet, iot'aa 


Had, 
Inches 


Ik 


^ 


\l 


Vl 


'A 


i 


» 


« 


% 


Vi 


« 


7 


■s 


1 |IV. 






















^ 


18 


33 


53 


78 


109 


146 


IBO 


252 




















H 


IS 






80 


Itl 


140 


193 


266 


IM 


B 


13 














a 


19 


34 


5S 




113 


1S2 






N 


r 


13 














^ 


19 


35 


5B 




Its 


156 


2O0 


265 


^ 


7 


la 


23 


35 


50 


6S 






H 


20 


36 


57 




lis 


157 


204 


269 


% 


? 


14 






52 




96 


134 


H 




36 


58 


86 


120 


160 






H 


8 


15 


2S 


37 


54 






139 


H 


20 




60 






163 


211 


278 


K 


8 


IS 


26 


39 


66 


77 


102 


143 


H 


21 


38 


61 


as 


124 


166 


214 


282 


2 


9 


Ifl 


27 


41 


5S 


SO 


105 


146 





21 


38 


63 


91 


126 


169 


218 


2S7 


a 


e 


17 




43 


60 


82 


lOi 


152 


H 


22 


39 


63 


93 


128 


171 


222 


291 


H 




16 


29 










1S6 


M 


22 






94 


130 


174 


225 




H 


10 


18 


30 


46 


64 






161 


fi 




40 




9B 


132 




229 




M 


10 






47 


67 




119 


165 


M 








97 


135 


ifid 


232 


304 


K 


11 


id 


32 


4a 








169 


M 




42 




99 


137 


182 






Ji 


11 


20 


34 


50 






126 




!i 


24 


43 




100 


139 


18S 


339 


313 


« 


11 


6l 


35 


52 


73 


SD 


130 


178 


Ji 


24 


43 


69 


103 


141 


166 


243 


317 


3 


12 


32 


36 


54 


75 


102 


133 


162 


7 


24 


44 


70 


104 


143 


191 


246 


321 


M 


12 


22 


37 


55 


77 


10^ 


137 


187 


H 




45 


71 




146 


104 


260 


328 


}j 


13 


23 




57 


79 


107 




191 


K 


iio 




73 


107 




196 


353 


330 


% 


13 


24 


39 


58 


«1 


110 




195 


H 


26 




7* 


108 


149 


199 


257 


334 


a 










84 




148 


ZOO 


a 


26 


47 


7S 






202 


260 


33B 


K 
















204 


H 


26 


47 


70 




lfi4 


205 


364 




M 




28 


42 


83 


88 


118 


155 


208 


% 




48 


77 


113 


156 


207 


267 


347 


;< 


IS 


27 


43 


54 


90 


121 


158 


313 


H 


27 


49 


78 


114 


16S 


210 


271 


352 


4 


15 


27 


44 


66 


92 


124 


162 


21? 


s 


2t 


60 


79 


116 


160 


213 


2V4 


S56 


H 




38 




68 




127 


1B6 


221 


M 


28 




80 




162 1 216 


278 


360 


a 




29 


47 


66 










M 


38 


61 






UM.aiU 29.1 


365 


H 


10 


2B 


48 








172 


230 


H 




52 


82 






a 


10 






72 






176 






29 




8.-J 






H 




ai 


M 












H 


3U 


53 


84 






H 


17 


31 


£1 


75 


106 




ib; 


243 


% 




54 








H 


18 


32 


52 


77 


107 


143 


188 


247 


U 


30 


54 


87 


lJ7^^,-,|.„.|Va« 
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AMERICAN BRIDGE COMPANY 
SPECIFICATIONS 

FOB 

STEEL STRUCTURES 
Design, Details op Construction and Workmanship 

Adopted 1912 

DESIGN 

1. Loads. The steel frame of all structures shall be designed 
so as to safely support the dead and live loads. The dead load shall 
consist of the weight of all permanent construction and fixtures, 
such as walls, floors, roofs, interior partitions, and fixed or permanent 
appliances. The live load shall consist of movable loads on floors, 
loads due to machinery or other appliances, and the exterior loads 
due to snow on the roof and to wind. 

2. For structures carrying traveling machinery, such as cranes, 
conveyors, etc., 25 per cent shall be added to the stresses resulting 
from such live load, to provide for the effect of impact and 
vibrations. 

3. The wind pressure shall be assumed acting horizontally in 
any direction as follows: — 

First: For finished structures — A pressure of 20 pounds per 
square foot on the sides and ends of buildings and on the vertical 
projection of roof surfaces, or 

Second: In process of construction — A pressure of 30 pounds 
per square foot on vertical surfaces and the vertical projection of 
inclined surfaces of all exposed metal or other frame work. 
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CONSTRUCTION SPECIFICATIONS 

4. Unit Stresses. All parts of structures shall be proportioned 
so that the sum of the dead and live loads, together with the 
impact, if any, shall not cause the stresses to exceed the following 
amounts in pounds per square inch: 

Tension, net section, rolled steel 16000 

Direct compression, rolled steel and steel castings 16000 

Bending, on extreme fibers of rolled shapes, 

built sections, girders, and steel castings 160C0 

Bending on extreme fibers of pins 24000 

Shear on shop rivets and pins 12000 

Shear on bolts and field rivets lOOOO 

Shear — average — on webs of plate girders and 

rolled beams, gross section lOOOO 

Bearing pressure on shop rivets and pins 24000 

Bearing on bolts and field rivets 20000 

Pressure per linear inch on expansion rollers shall not exceed 
600 times the diameter of rollers in inches. 

Axial compression of gross sections of columns, for 

ratio of Ijr up to 120 19000 — 100 Ijr 

with a maximum of 13000 

where Z=effective length of member in- inches, 

r=corresponding radius of gyration of section in inches. 

For ratios of Ijr up to 120, and for greater ratios up to 200, use 
the amounts given in the following table. For intermediate ratios, 
use proportional amounts. 



Ratio 


Amount 


Ratio 


Amount 


60 


13000 


130 


6500 


70 


12000 


140 


6000 


80 


11000 


150 


6500 


90 


10000 


160 


5000 


100 


9000 


170 


4500 


110 


8000 


180 


4000 


120 


7000 


190 


3500 



5. For bracing and combined stresses due to wind and other 
loadin'g, the permissible working stresses may be increased 25 per 
cent— provided the section thus found is not less than that required 
by the dead and live loads alone. 
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PROPORTION OF PARTS 

6. General. The effective or unsupported length of main 
compression members shall not exceed 120 times, and for secondary 
members 200 times, the least radius of gyration. 

7. In proportioning columns, provision must be made for 
eccentric loading. 

8. In proportioning tension members, net section must be used. 
Rivet holes deducted must be taken J^ inch larger than the nominal j 
size of rivets. 

9. Members subject to the action of both axial and bending ; 
stresses shall be proportioned so that the greatest fiber stress will j 
not exceed the allowed limits in that member. 

10. Members subject to alternate stresses of tension and 
compression shall be proportioned for the stress giving the largest 
section, but their connections shall be proportioned for the sum of 
the stresses. 

11. Girders. Rolled beams and channels, and built-up members 
used as beams and girders shall be proportioned by the moment 
of inertia of their gross sections. 

12. Plate girder webs shall have a thickness not less than %60 
of the unsupported distance between fiange angles. The webs 
shall have stiff eners, generally in pairs, over bearings, at points of 
concentrated loading, and at other points where the thickness of 
the web is less than Veo of the unsupported distance between 
flange angles, generally not farther apart than the depth of the web 
plate, with a maximum limit of 6 feet. 

13. The lateral unsupported length of beams and girders shall 
not exceed 40 times the width of the compression flange. When the 
unsupported length (I) exceeds 10 times the width (6) of the 
compression flange, the stress per square inch in the compression 
flange shall not exceed 19000 — 300 l/b. 



DETAILS OF STEEL CONSTRUCTION 

14. General. Adjustable members in any part of Structures shall 
preferably, be avoided. 

15. Sections shall preferably be made symmetrical. 

1 6 . Xo connection, except lattice bars, shall have less than two rivets. 

152 



CONSTRUCTION SPECIFICATIONS 



17. Trusses shall preferably be riveted structures. Heavy 
trusses of long span, where the riveted field connections would 
become unwieldy, or for other good reasons, may be designed as 
pin-connected structures. 

18. Abutting joint in compression members faced for bearing 
shall be spliced sufficiently to hold the connecting members accu- 
rately in place. All other joints in riveted work, whether in tension 
or compression, shall be fully spliced. 

19. Lateral, longitudinal and transverse bracing in all structures 
shall preferably be composed of rigid members, and shall be designed 
to be sufficient to withstand wind and other lateral forces when 
building is in process of erection as well as after completion. 

20. Girden. When two or more rolled beams are used to form a 
girder, they shall be connected by bolts and separators at intervals 
of not more than 6 feet. All beams having a depth of 12 inches and 
more shall have at least two bolts to each separator. 

21. The flange plates of all girders shall be limited in width, so 
as not to extend more than 6 inches beyond the outer line of rivets 
connecting them to the angles, or 8 times the thickness of the 
thinnest plate. 

22. Web stiff eners shall be in pairs, and shall have a close bearing 
against the flange angles. Those over the end bearing or forming 
the connection between girder and column shall be on fillers. 
Intermediate stiffeners may be on fillers or crimped over the flange 
angles. 

23. Web plates of girders must be spliced at all points by a 
plate on each side of the web, capable of transmitting the full stress 
through splice rivets. 

24. Riyetinff. The minimum distance between centers of rivet 
holes shall be three diameters of the rivet; but the distance shall 
preferably be not less than 3 inches for J^-inch rivets, 2J^ inches 
for Ji-inch rivets, 2 inches for J^-inch rivets, and IJ^ inches for 
J^inch rivets. The maximum pitch in the line of the stress for 
members composed of plates and shapes will be 6 inches for J^-inch 
rivets, 6 inches for J^-inch rivets, 434 inches for 5^-inch rivets and 
4 inches for J^-inch rivets. 

26. For angles in built sections with two gage lines, with rivets 
staggered, the maximum pitch in each line shall be twice as great 
as given above. Where two or more plates are in contact, rivets 
not more than 12 inches apart in either direction shall be used to 
hold the plates together. 
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26. The minimum distance from the center of any rivet hole 
to a sheared edge shall be 1}^ inches for J^-inch rivets, IJi inches 
for J^-inch rivets, 13^ inches for ^-inch rivets, and 1 inch for 
J^-inch rivets; and to a rolled edge, IJ^, 1)^, 1, and J4 inches, 
respectively. 

27. The maximum distance from any edge shall be eight times 
the thickness of the plate. 

28. The pitch of rivets at the ends of built compression members 
shall not exceed four diameters of the rivets for a length equal to 
one and one-half times the maximum width of the member. 

29. Latticinsr. The open sides of compression members shall be 
provided with lattice bars, having tie plates at each end and at 
intermediate points where the lattice is interrupted. The tie 
plates shall be as near the ends as practicable. In main members 
carrying calculated stresses, the end tie plates shall have a length 
not less than the distance between the lines of rivets connecting 
them to the flanges, and intermediate ones not less than half 
this distance. Their thickness shall not be less than %o of the 
same distance. 

30. The latticing of compression members shall be proportioned 
to resist a shearing stress equal to 2 per cent of the direct stress. 
The minimum thickness of lattice bars shall be for single lattice, 
^0, and for double lattice, Veo of the distance between the end 
rivets. Their minimum width shall be as follows: 

For 15-inch channels, or 
built sections with 3}^^ and 4-inch angles, 23^ inches ( J^inch rivets). 

For 12-10-and 9-inch channels, or 
built sections with 3-inch angles 2Ji inches (J^-inch rivets). 

For 8-and 7-inch channels, or 
built sections with 2J'2-inch angles .... .2 inches (J^-inch rivets). 

For 6-and 5-inch channels, or 
built sections with 2-inch angles 1 J^ inches (J^inch rivets). 

31. The inclination of lattice bars with the axis of the member 
shall generally be not less than 45 degrees. When the distance 
between the rivet lines in the flanges is more than 15 inches, if a 
single rivet bar is used, the lattice shall be double. 

32. The i)itch of lattice connections, along the flange, divided 
by the least radius of gyration of the member between connections, 
shall be less than the corresponding ratio of the member as a whole. 
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33. PInB. Pin holes shall be reinforced by plates where necessary. 
At least one plate shall be as wide as the projecting flanges will 
allow; where angles are used, this plate shall be on the same side as 
the angles. The plates shall contain suflScient rivets to distribute 
their portion of the pin pressure to the full cross section of the 
member. 

34. Pins shall be long enough to insure a full bearing of all parts 
connected upon the turned-down body of the pin. Members 
packed on pins shall be held against lateral movement. 



WORKMANSHIP 

35. General. The workmanship shall be equal to the best 
practice in modern structural works. Shearing shall be done 
accurately, and all portions of the work exposed to view shall be 
neatly finished. 

36. Panehinff. The diameter of the punch shall not be more 
than ViQ inch, nor that of the die more than 3^ inch, larger than 
the diameter of the rivet. Punching shall be done accurately, but 
an occasional slight inaccuracy in the matching of holes may be 
corrected with reamer. Drifting to enlarge unfair holes will not 
be allowed. 

37. Riyeting. The size of rivets shall be as called for on the 
plans. Rivets shall be driven by pressure tools wherever possible. 
Pneumatic hammers shall be used in preference to hand driving. 
Rivets shall look neat and finished, with heads of approved shape, 
full and of equal size. They shall be centered on the shank and 
shall grip the assembled pieces firmly. 

38. AsBembliiiff. Riveted members shall have all parts well 
pinned up and firmly drawn together with bolts before riveting 
is commenced. Contact surfaces shall be painted. Abutting 
joints shall be cut or dressed true and straight and fitted closely 
together. In compression joints depending on contact bearing, the 
surfaces shall be truly faced, so as to have even bearing after they 
are riveted up complete and when perfectly aligned. The several 
pieces forming one built member shall be straight and shall fit 
closely together, and finished members shall be free from twists, 
bends or open joints. 
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39. Etc Ban. Eye bars shall be straight and true to size, and 
shall be free from twists, folds in the neck or head, or any other 
defect. Heads shall be made by upsetting, rolling or forging. 
Welding will not be allowed. Before boring, each eye bar shall be 
perfectly annealed and carefully straightened. Pin holes shall be 
in the center line of bars and in the center of heads. Bars of the 
same length shall be bored so accurately that, when placed 
together, pins %2 inch smaller in diameter than the pin holes can 
be passed through the holes at both ends of the bars at the same 
time. 

40. Pins. Pins and rollers shall be turned accurately to gages, 
and shall be straight, smooth and entirely free from flaws. Pin holes 
shall be bored true to gages, smooth and straight, at right angles 
to the axis of the member and parallel to each other, unless other- 
wise called for. Wherever possible, the boring shall be done after 
the member is riveted up. The distance from center to center of 
pin holes shall be correct within ^32 inch, and the diameter of the 
hole not more than ^ inch larger than that of the pin for pins 
up to 5 inches diameter, and V32 inch for larger pins. 

41. Bed Plates. Expansion bed plates shall be planed true and 
smooth. The cut of the planing tool shall correspond with the 
direction of expansion. 

42. Annfuling. Steel, except in minor details, which has been 
partially heated, shall be properly annealed. W^elds in steel will 
not be allowed. All steel castings shall be annealed. 

43. Ptuntiiiff. Steel work, before leaving the shop, shall be 
thoroughly cleaned and given one good coating of such paint as 
may be called for, well worked into all joints and open spaces. 

44. In riveted work, the surfaces coming in contact shall be 
painted before being riveted together. 

45. Machine-finished bearing surfaces coming in contact with 
similar surfaces should be coated with white lead and tallow before 
shipment. 

46. Inspection. The manufacturer shall furnish all facilities for 
inspecting and testing the weight, quality of material and work- 
manship. He shall furnish a suitable testing machine for testing 
the specimens, as well as prepare the pieces for the machine free of 
charge. 

47. He shall give the inspector for the purchaser free access 
to all parts of the works where the material under inspection is 
manufactured. 
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ELEMENTS OF SECTIONS 

Definitions 

In the computations of structural designing, certain mathematical 
expressions are used to designate the values of structural shapes in 
the various conditions under which they are subjected to stress. 
In the pages which immediately follow, these values, usually called 
properties, are given in United States measurements for shapes 
common in structural designs, and are defined as follows: — 

A— Area of Section, expressed in square inches. 

r— Radius of Gyration. The distance in inches from the center of 
moments of a section to the point or line at which its area is consid- 
ered concentrated. The radius of gyration of a section referred 
to any axis is always the square root of the moment of inertia 
of the section referred to that axis divided by the area. 

I— Moment of Inertia. The summation, expressed in inches to the 
fourth power, of the products of the elementary areas of a section 
by the squares of their distances from its center of gravity or 
other axis assumed for purposes of computation. 

S— Section Modulus. The moment of inertia divided by the distance \ 
(n) from the axis of moments to the extreme fiber. In an unsym- 
metrical section there are two section moduli for each axis of 
moments, the least of which determines the safe unit stress. ; 

Neutral Axis. Axis of moments through center of area. 

X and y. The distance or distances in an unsymmetrical section 
from the back or working line of the section to the center of gravity 
of the section. 

The section modulus is used to determine the stress in the extreme 
fiber of a shape subject to bending by dividing the bending moment 
by the section modulus, both expressed in Hke units of measurement. 
It is also used vice versa in the selection from a table of shapes of 
the proper section required to support a load by dividing the bend- 
ing stress by the allowable fiber stress, both in like units of weight. 

The radius of gyration is used to ascertain the safe load any 
section or shape will sustain when used in compression as a strut 
or column. The imbraced length of the section divided by the 
radius of gyration is denominated the ratio of slenderness. 

The elements of steel sections are based upon the theoretical 
dimensions given in the pages which precede. No account has been 
taken of fillets or rounded corners, neither have any approximations 
entered into any of the calculations. 

157 



CARNEOIB STEEL COMPANY 



SQUARE 
Axis of moments throoffh center 



Id 




■1 



...t 



SQUARE 
Axis of moments on base 



._*, 



I _ 



SQUARE 
Axis of moments on diagonal 




^^ 



HOLLOW SQUARE 
Axis of moments through center 



It- 

X 









--"» 




4 

•"f di"-*- 


— 


1 d 

1 
1 




dl 


._ 







» 



A 

X 

Ii-i 
Si-i 

ri-i 



_d, 
2 
d* 
12 
d« 
6 

d 

^12 



°=a288675d 



A 

X 

Ii-i 

Si-i 

ri-i 



A 

X 

Ii-i 

Si-i 



d--- *J 



A 

X 

Ii-i 

Si-i 
ri-i 



d« 

d 

_di 

3 

d« 

3 

_d 

V 



=O.677360d 



d« 



=0.707107d 



V2 

_d*_ 
12 

d« 
6 V2"=0-117861d» 



ri-i = "l]i5= = 0.288676d 



d«-dia 
d 
2 
d*-di* 

12 

d*-di4 

"~6r^ 



V 



da+di^ 
12^ ■ 



HOLLOW SQUARE 
Axis of mom^ts on diagonal 



.> 




A = 

X = 

Ii-i = 



d2-di« 
d 



Si-i 
ri-i 



V2- 

d*-di* 

12 
d*-<l,4 



= 6 >/2d 
= A/d2+di2 



=^ = 0.117861 



d*-di* 



V 



12 



158 



ELEMENTS OF SECTIONS 



KECT ANGLE 



^^ = a5773S0d 




HOUXIW RECTANGLE 



-Ifci-— 
j|— - 

— -b- •' 



A = bd-bidi 



a.-. 


bd«-b, d,« 








' ' 





CARNBOIB STBEL COMPANY 
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CARNEQIE STEEL COMPANY 



COMPOUND SECTIONS 

Moments of Inbbtia, Sbction Moduli, and Radii or Gyration 

The moment of inertia of a compound section about i ts neutral axis is equal to the sum of 
the moment of inertia, I, of the component parts about axes through their own oentera of gravity, 
plus the areas A, of the componmt parts multiplied by the squares of the distances d, o( their 
own oenteis of ffrayity from uie neutral axis of the compound section, or 

Moment of Inertia I^ = I+Ad* 



f TT 



w^" 2.28 
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Section Modulus 



81 = 



_Ii_ 
n 



I 
I 
I 
i- 



5l 



Radius of Gyration r^ = 




■^ 



00 



-O. 



3P 



2 r3.76 

AXIS i-1 Ii-i of 4-«"x4"xH" 
Ada of 4-6"x4"x$^" 

Ii-i of l^"xH" 

Ii-i of 2-14"xJi" 
Ada of 2-14"x^" 



ExAMPLB 1. Required the moments o( inertia and the 
section moduli about axes 1-1 and 2-2 ot & eompouod 
section to be used as a girder, composed of 

1 Web Plate 33"xH" 

4 Flange Angles 6"z4"xH" 

2 Flange Plates 14"z^'' 

basing the pr(q)erties on the gross area of the section. 

Determine the distances, of the center lines of gravity of 
plates and angles, from the neutral axes of the compound 
section, from the dimensions given, then for 



Angles = 4 X 
= 4x 

Plate =lx 
= 2x 



7.52 
6.86x15.72* 
0.50x83» 

12 

14x0.76« 

— n — 



Section Modulus, 



AXIS 2-2 



= 2x 10Ji0xl7.125» 
Moment of Inertia, gross section 

„ «_ 13479.48 

i73r" 

la-a of 4-6"x4"xH'' Angles = 4 x 
Ada of 4-6"x4"xH'' = * » 

I»-2 of l-33"xH" Plate = 1 x 



30.08 
5792.46 

1407.38 

0.98 
6168.68 



Inches^ 



21.07 

6.86x2.28* 

33x0 JiOg 

15 



13479.48 Inches « 
770.26 Inches * 

84.28 Inches* 
121.85 " 



I»-a of 2-14"xM" " = 2 X 

Moment of Inertia, gross section 
Section Modulus, " " 



.76xl4« 



0.84 
843.00 



41 



549.47 Inches « 
78J0 Inches* 



_ 649.47 _ 

7 

If it is desired to calculate the properties of the net section, vis., to deduct the area of ths rivet 
hdes, proceed as follows, assuming that ^'' holes for ^"rivets are to be deducted and tiiat not more 
than one rivet will be driven in any one leg of the angles in the same plane of the sectuMi. 



AXIS 1-1 
Deduct 



4x 



ff 



4t 



0.875xl.375» 
12 



«• 



«t 



AXIS 2-2 
Deduct 



<t 



«i 



Ii-i of gross section 

Ii.i of 4-0.875"xl.375"Rectangl 

Adaof4-0.875"xl.376" 

Ii.iof2-0.875"xl.75" 

Adaof2-0.875"xl.75" " = 2xl.531xl4.26« = 
Moment of Inertia, net section 

Section Modulus, " " = 
Ii>-2 of gross section 

l2-2 0f 4-0.875"xl.376"Rectangles=4 x ^•375g).8758 
Ad2of4-0.875"xl.376" " =4x1.203x3.75* 
l2-2of2-0.875"xl.75" " =2 x 0-875»1.758 

Moment of Inertia, net section 
Section Modulus, 



= 4xl.203xl6.8125a = 

_o. 1.75x0.875» _ 
_2x j5 



11496 J^9 

-ITW 



13479.48 Inches i 


0.76 


4< 


1360J6 


M 


0.20 


«l 


621.77 


44 


11496U»9 Inches « 


656.95 Inches* 


649.47 Inches « 


0.31 
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67.67 
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M 



480.71 



480.71 Inches « 
68.67 Inches* 
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ELEMENTS OP SECTIONS 



COMPOUND SECTIONS— Concluded 
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ExAMPLB 2. Required the moments of inertia and radii of 
gyration about axes 1-1 and 2-2 of a column section oomposed 
as follows : — 

2 Channels 12" x 30 pounds per foot, 
2 Flange Plates 14"x5i", 

.l properties to be based on the gross section, no deduction 
being made for holes. 

Determine the distances, d, of center lines of gravity for 
the various sections from the neutral axes 1-1 and 2-2, in 
accordance with the dimensions given, then for 



2 "^164 

AXIS 1-1 Ii.i of 2-12" ChannelsSO lbs. = 2x 161.05 = 323.30 Inches « 

Ii-i of 2-14"xJi" Plates = 2 x ^^ ^^^^ = 0.98 " 

Ada of i-WxH " " = 2 X 10.6 X 8.376« = 863.45 " 



Momenta of Inertia, 
Radius of Gyration, 



section 



1177.73 



38.64 



AXIS 2-2 h-s of 2-12" Channels30 lbs. = 2x 5.22 = 

Ad3 of 2-12"Channel8301be.= 2x 8.82x4.1643 = 

0.76 X 14« 



1177.73 Inches « 
5.52 Inches 

10.44 Inches « 
805.86 " 



Is-s of 2-14"x5i" Platw = 2x 



12 



= 343.0 



Moment of Inertia, grosB section 
Radius of Gyration, " " = V 



650.30 



38.64 



650.30 Inches A 
= 4.13 Inches 



Tf 



I- 










A 



1 «i 



ExAMPUi 3. Required the radii of gyration about axes 1-1 
and 2-2 of a strut section composed as follows : — 

4-6"x4"xH" Angles Utticed by H" bars, 
properties to be based on the gross sectkm of angles, no deduo- 
tions being made for rivet holes nor any allowance for lattice bars. 

Determine the distances, d, of center lines oi gravity of angles 
from neutral axes 1-1 and 2-2 in accordance with the dimensions 
given, then for 



AXIS 1-1 Ii.i of 4-6"x4"x^" Angles = 4 x 4.00 

Ada of 4-6"x4"x^" " = 4 x 3.61 x 5.06g 
Moment of Inertia, gross section 



= 10.60 Inches* 
= 360.72 



Radius of Gyration, 



= V 



380.32 



14.44 



380.32 Inches A 
= 5.19 Inches 



AXIS 2-2 



From tables of radii of gyration for 2 angles placed back to back, 
page 166, ra.2 of 4-6" x 4" x^'' angles =2.87 Inches. 

When sections are assembled without any web or flange plates, as, for example, latticed 
channel colunms or latticed angle^struts, the radius of gyration, n can be readujr obtained 
without considering the moment of inertia from the radius of option, r of one section about 
the neutral axis, sjod the distance, d, between the center of gravity of the section and the 
neutral axis parallel to the axis of section. 

V I 4- Ada u I -• J i 
'-^ — . where -j = r*, and n = .^ ra+d* 

Thus, i^ ihfi above e xample, 

ri.i= ^j 6.06a+1.17a =: 6.10 Inches 
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ELEMENTS OP SECTIONS 



ELEMENTS OF STRUCTURAL BEAMS— Concluded 
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ELEMENTS OF STRUCTURAL CHANNELS 
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ELEMENTS OF SHIP BUILDING CHANNELS 
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ELEMENTS OF SHIP BUILDING CHAN NEI£— Concluded 
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CARNEGIE STEEL COMPANY 



ELEMENTS OF EQUAL ANGLES 
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38 


0,03 


0.27 





05 


TBI 


1 


1 


A 


A 


1 


26 


fl.37 O.0,? 


O.29|O.05!0 


32 10.03 


0.23 





04 


T22 


1 


i 


H 


M 





89 


0.26^0.02 


0.30JO,03|o 


29! 0.01 


0.21 
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ELEMENTS OF SECTIONS 



ELEMENTS OF UNEQUAL TEES 








8i« 


=°" 







Alb 1-1 


Ain2-2 














T 

tiun 






Swtian 


Fluige 


~ 


S 


S^ 


J 


_. 


g 


^ 


T 


l. 


a 








FhM 


Ston 




















IT" 


IT" 


Ip. 


In. 


Lbs. 


1^ 


1^ 


liT 


1^ 


Tn~ 


III.' 


IZ' 


h.' 


T 50 




3 


H 


)i 


13 4 


3 93 


24 


0-7S 


1.1 


73 


sV 


1.17 


22 


T 51 




2H 


W 


A 












0-6S 


0.78 


oh 




1.14 






i^ 


3H 


i^ 










60 


5.1 


1,0s 










1.7 


T Q4 


4M 




H 


^ 










2.1 


0.S4, 


O.Ol 


0.71 




l.Oi 




T 53 


4H 


S 


Vk 


,1, 


8 




2 


4a 


1,8 


0.85 


0,78 




S.5 








m 


2H 


5i 


H 






2 


es 






0.63 




3.0 




1.3 


T 55 


iH 


2}S 




f. 




s 






1.0 


0.6S 


0-54 


0.57 


2.5 






T 57 




5 




H 








50 


10.8 


1,5S 


3.1 




2.8 


0.70 




T 58 








H 






3 


49 


8.5 


1,36 


2.4 




2.1 


0.78 




T 50 




4H 


H 


H 


1^ 








7.0 


1.37 


2.5 


1.37 


2.8 


O.SI 


1,4 


T 60 




W 


JS 


H 






3 




6,3 


1.3B 


2.0 


1.31 


3.1 


0.8( 








3 


H 


H 


{ 




a 


6S 


2,0 


0.86 


0,90 


0,78 


2.1 






T 44 




3 




A 




8 










0.7r 


0,75 


i.a 


o.st 


0,88 


T 62 




2J^ 




H 


8 


5 


2 


48 


1.2 




0.62 




3.1 




1.0 






2H 




j\ 


V 




2 


13 


1.0 


0.6» 


0.53 


oieo 


1.8 


oicii 




T «4 






H 


K 




i 








0-52 


0.40 


0.48 


2.1 


0.96 


l.l 


T 65 




S 


A 


^ 










0.5 


0.52 


0.31 


0,46 


1.8 




0.88 




Sii 


-4 


H 


w 




6 




70 




1.21 


2.0 


1.24 


1.9 


0!72 




T 67 


3H 




H 


H 


fl 


i 




88 






1.5 


1.19 




0,70 




T 6S 


31.4 




K 


H 










2,4 


0.87 




O.SS 


1.6 


0.-77 






SH 


3 


M 


3i 


« 




2 


48 




0.8S 




0.83 




0.75 




T 71 


za 




iV 


^ 




i 






1.8 


O.Bl 


0.85 


0.85 


1.2 






T 72 




4 


W 


H 








44 


5.2 






1.32 


1,2 










4 


i'. 


,\ 


10 


i 


3 


06 




l!23 


17 


1.20 






T 74 


3 




H 


k 






2 






1.21 


1.5 


1.27 


o.uu.ii-.- 


T 75 


3 


aw 


H 


'A 








17 


3.5 


1.06 


1.5 


1.13 


1.2 ,'...■ .iM. 






3>^ 


A 


fi 


« 




i 


S3 


3,2 


1.0a 






J.o ,im;(,oi,^. 


T 77 




aw 


?^ 


H 






2 


48 


3.8 


1.07 


1.2 


1.07 




T 78 


3 


2H 


M 


H 


7 










0,72 


0.60 


0.71 


0^89 




0,a9 






an 


A 


,V 


fl 






n 




0,73 


0.52 


0.68 


0.76 


0.65 




T 82 


2H 


3 


W 


H 








07 


1,7 


0-91 


0.84 


0.96 


0.53 




0.42 


T 83 


2H 


3 


A 


■A 


6 






77 


l.B 


O.flS 


0-72 


0.32 


0,44 




0.35 




m 


il^ 


1^ 


A 


2 




t 




0.C 


0.31 


0,09 


0-32 


0.20 


0.W 




T 87 


2 


IW 


>i 


H 


J 










6,0.43 


0,15 


0.43 


0.18 




0.18 


T519 


iH 


4 


A 


At 






( 


72 






0,19 




o.oe 


o.ei 


0.08 




Hi 


IW 


a 


K 




35 





37 


0.0 


5 0137 




o!33 


0,04 


0,32 




Te03 


Hi 


K 




M 










36 


0.0 


0.16 


oioi 


0.16 






0.01 









CARNEGIE STEEL 


COMPANY 








ELEMENTS OF ZEES 




Si» 




tion 


AiigM 


AiiilM 


1? 




Depth 


F1»IB» 


Thirll 


I 


^ 


8 


I 


' 


8 


r^. 


In. 


In. 


IlL 


Lis. 


la. 


In.' 


la. 


Id." 


ln.» 


IB. 


In." 


U 


Z 3 

Z 2 
Z 1 

z s 

z s 

Z 4 

Z 
Z B 
Z T 
Z12 
Zll 


P 

3ft 

3A 


i 
i 

3N 

ii 

3K 

is 

i 


1 

! 

\ 
I 

i 
s 

s 
ft 
ft 


34.6 

2b!4 
28. 1 
22:8 

is!? 

2Z.7 

n'.a 
iiie 
laie 

14.3 
11.5 


10.17 
8.25 

eies 
e.i9 

?s 

I>!04 
G.25 

3:40 

5:55 
5.2T 
4105 

2:41 

3.36 
2.B0 

1:07 


S0.2 

43.2 
34:6 

2fi:3 

23:7 

13:4 

15 

12.1 

9.7 
3.0 


2.22 
2*.ai 

a.2B 
2:28 

2:36 

il 
if 

1:48 

i:e5 

liea 

1.21 


16.4 

U.1 
ILS 

s:4 

'si 

7:7 

il 

eii 

II 

ail 

3:1 

2.4 


15.4 
12:6 

12:8 

'S 
il 
'§1 
I? 
II 

4:b 
3.6 


1.37 

!:!§ 
iS 

1.44 
1.43 

iJJ8 

ll 

1:27 

11 

1:34 

i:iB 




oisa 

0.81 
0.84 

si 

8:| 

8-i 

3:| 
3:| 
S| 

0.64 
., . 



ELEMENTS OP SECTIONS 



ELEMENTS OP CROSS TIES 






See- 


Wt. 


lion 




tlinf 


Thiti 


.4i»l-l 


Aii,!-3 


Sation 




■ 


' 


3 


' 


. 






lode. 


Top 


SoMom 


*» 




In, lt». 


Jo.' 


in. 


to, 1 In. 


In.' 


In. 


In.= 


In. 


In.' 


In. 


10.8 


M28 


0.60 
3,00 


37.8 

_9;5. 


8.18 
MO. 


3,0 


10.0 
6.0 


,313 
J03. 


58.00 


2,6fl 
2.2S 


1 


3.48 
2.31 


30.8 


1,0.^1 


6.2 

2.0 
1.2 



-'irr\' 





1' 




Ares 

& 


Wrilhol 


Thitt 


Anl-l 


Aili2-3 




Section 


. 


In. 


s 


' 


I 


^ 






Top 


..... 






Id. 


I.. 


In. 


In.» 


In.* 


In. 


Id.1 


In. 


!n.» 


M27 

MIS 


3.00 


6.0 

4.0 


1.77 
1,23 


ii 


7.0 


;3i3 


1.S4 
O.M 


o,ri 


0.^ 
o!38 


lioo 


":! 


1.71 


2.8 
1.S 







wt. 


i 


T 


Thiolt- 


A^l-l 


A^!-3 


Sectioo 


' 


' 


" 


' 


■ 


' 


- 




In. 


Lb,. 


lQ.a 


in. 


ID. 


10.4 


In. 


In." 


In. 


In,* 


In, 


In.3 


M20 
M19 


11 


2^60 


0.91 
0.74 


4tl 




Q,02l 


0,17 


0.04a 


0.44 


1.15 


0,1? 



CARNEGIE STEEL COMPANY 



ELEMENTS OF TROUGH PLATES 




Section 
Index 


Dimensiona 


Weight 
per 
Foot 

Lbs. 


Area 

of 

Section 

In.a 


Axial-1 


a 1) , d 


t , ti 


I 


r 


S 


X 




In. 


In. 1 In. 


In. 

H 
H 

Vs 

<> 


In. 
% 

t 

H 


In.* 


In. 


In.« 


In. 


M 14 
M 13 
M 12 
M 11 
M 10 


9H 
9M 
9H 
9H 
9H 


5 
5 
5 
5 
5 


3M 
SH 
SH 
SH 


23.2 
21.4 
19.7 
18.0 
16.3 


6.82 
6.30 
5.79 
6.28 

4.78 


5.5 
5.0 
4.6 
4.1 
3.7 


0.90 
0.90 
0.90 
0.91 
0.91 


2.2 
2.0 
1.8 
1.6 
1.4 


1.21 
1.19 
1.16 
1.12 
1.08 



ELEMENTS OF CORRUGATED PLATES 








Dimensions 




Weight 
per 
Foot 


Area 
of 


Axis 1-1 


Section 
Index 


a 


b 


d 
In. 

2% 
2^3 
2H 

1ft 
114 


t 


r 
In. 

SVi 
SVs 
SVs 

s% 
SH 
s% 


Section 


I 


r 


8 


X 




In. 

12ft 
12ft 
12ft 

SH 
SH 
^H 


In. 

7ft 
7ft 
7ft 

6H 
5H 


In. 


Lbs. 


In.2 


In.4 


In. 


In.8 


In. 


M36 
M 34 
M33 

M 32 
M 31 
M 30 


23.7 
20.8 
17.8 

12.0 

10.1 

8.1 


6.97 
6,10 
5.22 

3.53 
2.96 
2.38 


6.8 
5.8 
4.8 

1.3 

0.95 

0.64 


0.99 
0.98 
0.96 

0.62 
0.57 
0.52 


4.5 
3.9 
3.3 

1.4 
1.1 
0.80 


1.34 
1.32 
1.31 

0.74 
0.72 
0.70 



ELEMENTS OF U. S. STEEL SHEET PILING SECTIONS 

1 1^4^ i^ " O A i' ^A^ ^^ Al l 

1 C 1 — •+ — — ■;: --fr-g-C r I ^ ss. . ■ ■ — ^1 CH 
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Dimensions 


Weight 
Foot 


Area 

of 

Section 


Axis 1-1 


Section 
Index 


a 


b 


c 


d 


t 


I 


r 


8 




In. 


In. 


In. 


In. 


In. 


Lbs. 


In.2 


In.* 


In. 


In.» 


M 104 

M 103 


ISH 
9H 


12>^ 
9 


SH 
2ft 


2H 

m 


H 


38 
16 


11.20 
4.71 


8.35 
1.45 


0.87 
0.56 


4.30 
1.13 



182 



BLBMSNTS OF SECTIONS 



ELEMENTS OF RAIL AND SPLICE BARS 







|W>,iBh 


Deplh a™ 1 A.is l-l 


Y-™ Uo.t 


S«°tiDnS«rtkt, I 1 S ' I 


Lba. 


In. In.» lD.*|ln.8' In. 


A. 5. C. E.SplicbBaiu 




A. R. A. Hailb— TrpB A 



38.7012. 
28.80.-- 
21.05 



a 902(1 
702C 



1013,702,03 
Iffl ViS2'27 



S10O30 16.02 4/, 



1,24 llU.lfli*,71 1,07 



104(l| I 70 
14401136 

1240 1 as 



iV- 






1 
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CARNEQIE STEEL COMPANY 



MOMENTS OF INERTIA OF RECTANGLES 






In WiDTas phou M, to % Inch and 1 


Inch 


1 






NsBtr.1 AiJi ThrouBh Center No 


ni.lt. Dqrth 


1 


"" 


" 


This and the foUowIng table 












—J pound secilons in whirh platoB ore 


used: see 


pngea 164 


and 165, 


ii 


WldUi. IlKllH 






j 


i 


H 


A M 


A a 


A 


« 


1 


■1 


.026 .031 
.208 .250 
.703 .84^ 


.037 .04£ 


if 


J 


.083 
.687 

61333 


s 

9 


1% 
loilSS 


I'Mb 1.751. 
8.032 10.71 

18:984 22:781 


Pi J-i 

18:667 21:333 
26J7 30.375 


II 


■26:66] 

37.969 


10,417 
42:gB7 


1 


20.833 


26.042 31.250 

si Iii 


36.458 41.687 

so:o9fl 91:045 

100.042 114.333 


46.875 

si 


52.085 

11 


110:917 
144.000 

S2S:667 




102!35^ 
121.50< 
142^9fi 


106:667 128:00C 
178:620 2141344 


1 9:33 i7o:66; 

1 9.12 2O4.70( 
250:068 2S5:79i 


If 

32i:516 


ill 

357:a4( 


381.2B0 


20 
23 


156.66- 

11 


208.333 250.000 
241.172 280.401 

316:540 380:2H 


291.667 333.33! 
443:588 fi06:95i 


375.00( 

III 


11 


gi:|o 
1152:000 


25 
2S 

i 


325.621 

366.18; 

457133; 
50S.1O4 


4571708 549:261 
las: 130 782: 15f 


ft?-!i SI 

889: 182 1016:208 


III 

1U3:23< 


813.801 
1143:33; 


1640:260 
1B29.333 


1 

3S 


aiaias: 


703.125 843,750 
863.3331024.000 
1023.542 1228.2S( 

142S:9B8 1711:T5( 


n94:66|l305:33: 


1842,375 


l70a:GO; 
285T:b17 


i?i8S 

Sis 


i 


1333.335 

2027:83; 


1666.667 2000.00( 
2218:333 2862:00( 


2333.333^666.667 

i033:00a*608:000 
4557.292^208.33; 
i740:87p58i:00J 


3000.001 


3333.33; 

4436:66; 
5760:00< 


S333.333 

8174.000 

B21G:oOO 


i 


2804.167 
920.33; 

afisieo; 


S62S:o00676D:o01 


6859-37f 
8232:00( 


6510.41; 
9146:66; 


10416.667 

13122:000 
14634.067 
16259.333 



ELEMENTS OF SECTIONS 



MOMENTS OF INERTIA OF RECTANGLES 
In Widths op 1 Inch 

Neutral Axis Throo^rh Center Normal to Depth 

To obtain the Moment of Inertia of any rectangle, multlply 
the tabular value for its depth by its width in inches . For deeper 
rectangles of tabular thickness, multiply the tabular values for 
• half their depth by 8 ; or for one-third their depth by 27, etc. 










H 

H 
H 




H 



H 



r4. 



H 
H 

1 



6 



Ii-i 
Inches^ 



.000 



.000 
.001 
.004 
.010 
.020 
.036 
.056 



.083 



.119 
.163 
.217 
.281 
.358 
.447 
.549 



.667 



.800 
.949 
1.116 
1.302 
1.507 
1.733 
1.980 



2.250 



2.543 
2.861 
3.204 
3.573 
3.970 
4.395 
4.849 



5.333 



5.849 
6.397 
6.978 
7.594 
8.244 
8.931 
9.655 



10.417 



11.218 
12.059 
12.941 
13.865 
14.832 
15.843 
16.898 



18.000 



Si 



6 






li-i 

Inches* 



18.000 









8 



I 



9 






<A 



10 



y% 

n 

8 



11 






\ 



19.149 
20.345 
21.590 
22.885 
24.231 
25.629 
27.079 



28.583 



30.142 
31.767 
33.428 
36.166 
36.944 
38.790 
40.698 



42.667 



44.698 
46.793 
48.952 
51.177 
53.468 
56.827 
58.264 



60.760 



63.317 
66.964 
68.665 
71.448 
74.305 
77.238 
80.247 



83.333 



86.498 
89.741 
93.064 
96.469 
99.965 
103.526 
107.178 



110.917 



114.741 
118.662 
122.652 
126.740 
130.918 
135.186 
139.647 



12 144.000 






12 



y% 

H 

y% 
y% 

M 



13 



Y% 
H 
Yi 

k 



14 



Y% 

8 



16 



Ii-i 
Inches * 



144.000 



148.647 
153.189 
157.926 
162.760 
167.692 
172.723 
177.853 



183.083 



188.416 
193.860 
199.389 
206.031 
210.779 
216.634 
222.596 



228.667 



234.847 
241il37 
247.538 
254.062 
260.679 
267.421 
274.277 



Y% 
H 

H 
Ys 



16 



H 
Ys 

1 



17 



H 
H 
H 

Ys 
Y^ 

k 



18 



281.250 



288.340 
296.648 
302.876 
310.323 
317.891 
326.682 
333.396 



341.333 



349.396 
367.686 
366.900 
374.344 
382.916 
391.618 
400.462 



409.417 



418.616 
427.746 
437.113 
446.616 
466.263 
466.030 
476.946 



486.000 






18 



Y% 
H 
Ys 

% 
Ys 



19 



Ys 

Ys 
Y^ 

k 



20 



Ys 

Ys 
H 
% 

Y4. 



21 



Ys 
H 
% 

Ys 



22 



H 
Ys 

Ys 
H 



Ii-i 
Inches * 



486.000 



496.196 
506.633 
517.012 
527.635 
638.403 
549.317 
560.376 



671.683 



582 
594 
606 
617 
629 
641 
654 



939 
444 
099 
906 
866 
978 
246 



666.667 



679.245 
691.840 
704.874 
717.927 
731.141 
744.514 
758.051 



771.750 



785.613 
799.652 
813.836 
828.198 
842.727 
857.426 
872.294 



887.333 

902.545 
917.928 
933.486 
949.219 
966.127 
981.212 
997.476 



23 1013.917 



H 



1030.538 
1047.340 
^1064.323 
M1081.490 
Ys 1098.839 
1^1116.374 
^ 1134.094 



24 1162.000 



s*1 



24 



H 
Ys 
H 
Ys 

Y^ 

k 



26 



Ys 

Ys 
Y^ 



26 



Y4, 



111 
Inches* 



1162.000 



1170.094 
1188.376 
1206.848 
1226.610 
1244.364 
1263.410 
1282.660 



1302.083 



1321 
1341 
1361 
1381 
1402 
1422 
1443 



.713 
.538 
.561 
.781 
.202 
.821 
.644 



1464.667 



1485.893 
1607.324 
1628.961 
Hil550.802 
^Il672.861 
Mil595.108 
K 1617.575 



27 



1640.250 



H 1663.136 
Ji;1686.236 
H'1709.547 
H1733.073 
5^1756.814 



Y^ 

k 



28 



1780.770 
1804.943 



1829.333 



1^1863.943 
W1878.773 
^1903.823 
1^11929.094 
^11964.588 
Ml 1980.306 
^2006.249 



29 12032.417 



H 2068.811 
Ji2086.434 
%21 12.285 
H 2 139.366 
5^2166.676 
M2194.218 
^2221.992 



30 t2250.000 






Ii-i 
Inches* 



30 2250.000 



>^ 2278.243 
M 2306.721 
^2336.434 
H^364.386 
5^2393.575 
M 2423.004 
K 2462.674 



31 2482.583 






32 



^2512.737 
M 2543. 132 
f^ 2573.771 

^604.656 
35.787 

2667.166 
>i 2698.792 



2730.667 



2762.792 
2796.168 
2827.797 
2860.677 

^2893.812 
2927.202 

>| 2960.849 



7% 

H 



33 



2994.750 



34 



36 



3^3028.911 
M3063.329 
5^13098.009 
>^3132.948 
5^3168.160 
5^3203.614 
>^ 3239.341 



3276.333 



1^3311.592 
M 3348. 117 
5^3384.909 
H 342 1.969 
^3459.300 
5^3496.900 
^3634.772 



3672.917 



1^13611.334 
Ji 3660.027 
5^3688.994 
H 3728.240 
^3767.763 
M3807.661 
?| 3847.641 



36 13888.000 
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HOLLOW ROUND SECTIONS 
Akeab and Radu of Gykatiok 
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ELEMENTS OP SBCTIONS 

HOLLOW SQUARE SECTIONS 
Arzah and Rahii op Giration 

Area = D!"— d" aq. in. 

Radius of gyTation= \ — .T 
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RADII OF GYRATION FOR TWO EQUAL ANGLES 
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s, 


1 



2! 



Single Angle 


Two 
Angles 


Radii <^ Gyraticm, Inches 


Sue. 
Inches 


Weight, 
Pounds 
per Foot 


Area, 
Inches^ 


Axis 1-1 


Axis 2-2 


In 
Contact 


H" Apart 


H" Apart 


^" Apart 


»/i" Apart 


8x8 zlH 

'A 


56.9 
42.0 
26.4 


33.46 
24.68 
15.50 


2.42 
2.46 
2.51 


3.42 
3.37 
3.33 


3.51 
3.46 
3.41 


3.55 
3.50 
3.45 


3.60 
3.65 
3.60 


3.69 
3.64 
3.59 


6x6x1 

% 


37.4 
26.5 
14.9 


22.00 

15.56 

8.72 


1.80 
1.83 
1.88 


2.59 
2.54 
2.49 


2.68 
2.63 
2.58 


2.72 
2.67 
2.62 


2.77 
2.71 
2.66 


2.87 
2.81 
2.75 


5 z 5 z 1 


30.6 
21.8 
12.3 


18.00 

12.80 

7.22 


1.48 
1.51 
1.56 


2.19 
2.13 
2.09 


2.28 
2.22 
2.17 


2.33 
2.26 
2.21 


2.38 
2.31 
2.26 


2.47 
2.40 
2.35 


4 z 4 zl3 


19.9 
6.6 


11.68 
3.88 


1.18 
1.25 


1.75 
1.66 


1.86 
1.76 


1.89 
1.79 


1.94 
1.84 


2.04 
1.93 




17.1 
5.8 


10.06 
3.38 


1.02 
1.09 


1.56 
1.46 


1.66 
1.55 


1.70 
1.69 


1.76 
1.64 


1.85 
1.73 


3 z 3 z5i 


11.5 
4.9 


6.72 
2.88 


0.88 
0.93 


1.32 
1.25 


1.41 
1.34 


1.46 
1.38 


1.61 
1.43 


1.61 
1.53 


2Hx2HxH 


7.7 
4.1 


4.50 
2.38 


0.74 
0.77 


1.09 
1.05 


1.19 
1.14 


1.24 
1.19 


1.29 
1.24 


1.39 
1.34 


..2,^ 


5.3 
3.19 


3.12 

1.88 


0.59 
0.61 


0.88 
0.85 


0.98 
0.94 


1.03 
0.99 


1.08 
1.04 


1.19 
1.14 



This table and the two following are employed in computing the safe 
resistance to compressive stress of two angles, back to back, used as a strut 
or as the compression chord of a roof truss, etc., as follows: 

Obtain from the compression formula in use the allowed stress per square 
inch corresponding to the ratio of slendemess of the section, and multiply 
that value oy the area. The result will be the allowable compressive stress. 

Example 1. Section given. Required the safe load in compression as per 



// 



formula 1=19000—100 1/r on a strut composed of two angles 4" x 4" x H 
back to back, with an imsupported length of 9 feet. 

Area of Secton, A =3.88 square inches; Least Radius, r=1.25. 

Ratio of Slendemess, 1/r = 9 x 12 -h 1.25=86.4. 

Allowed Unit Stress, f= 19000— 100 x 86.4= 10360 pounds per square inch. 

Safe Load, Af =3.88 x 10360=40200 poimds. 

Example 2. Stress given. Required a section for a member in compression 
12' 3" long, made of two angles separated by \i inch gusset plates, to resist a 
total stress of 35000 pounds; ratio of slendemess not to exceed 120. 

Assume 2 angles, 5" x 3" x 'Ho", long legs, back to back. 

Area of Section, A = 4.80 square inches; Least Radius, r=:1.26 inches. 

Ratio of Slendemess, 1/r =12.25 x 12-5-1.26=116.7. 

Allowed Unit Stress, f = 19000— 100 x 116.7=7330 pounds per square inch. 

Safe Stress, Af = 4.80 x 7330 = 35200 poimds. 

In the first case the least radius is that about axis 1-1; in the second case 
about axis 2-2; in all cases the least radius determines the ratio of slendemess 
and therewith the allowed safe compressive stress. In all cases also the two 
angles are to be secured together by stay rivets so spaced as to insure that the 
section acts as a unit. The ratio of slendemess of any single angle between 
rivets must always be less than that of the strut or compression chord. 
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Lonff Legs Vertical 



t— i 



2! 



^ 



"i o/" 



i-y* toH' 



2' 



Single Angle 


1 Two 
' Angles 


Radii of Gyration, Inches 


Size, 
Inches 


Weight, 

Pounds 

per Foot 


Area, 
Inches^ 


I 
Axis 1-1 


Axis 2-2 


In 
Contact 


M" Apart 


%" Apart 


1^" Apart 


M" Apart 


8x6x1 


44.2 
33.8 
20.2 


26.00 
19.88 
11.86 


2.49 
2.53 
2.57 


2.39 
2.35 
2.31 


2.48 
2.44 
2.39 


2.52 
2.48 
2.43 


2.57 
2.52 
2.48 


2.66 
2.61 
2.56 


8 x3)^x 1 


35.7 
27.6 
16.5 


21.00 

16.12 

9.68 


2.51 
2.55 
2.59 


1.26 
1.20 
1.15 


1.35 
1.29 
1.23 


1.40 
1.34 
1.28 


1.45 
1.39 
1.32 


1.55 
1.49 
1.41 


7 x3Hx 1 


32.3 
23.0 
13.0 


19.00 

13.50 

7.60 


2.19 
2.23 
2.27 


1.31 
1.25 
1.20 


1.40 
1.34 
1.28 


1.45 
1.39 
1.33 


1.50 
1.44 
1.37 


1.60 
1.53 
1.46 


6x4x1 


30.6 
21.8 
12.3 


18.00 

12.80 

7.22 


1.85 
1.89 
1.93 


1.60 
1.55 
1.50 


1.69 
1.63 
1.58 


1.74 
1.68 
1.62 


1.79 
1.73 
1.67 


1.89 
1.82 
1.76 


6 x3Hz 1 


28.9 

20.6 

9.8 


17.00 

12.12 

5.74 


1.85 
1.89 
1.95 


1.37 
1.31 
1.25 


1.47 
1.41 
1.33 


1.51 
1.45 
1.37 


1.56 
1.49 
1.42 


1.66 
1.60 
1.50 


5 X 4 x^ 


24.2 
11.0 


14.22 
6.46 


1.52 
1.59 


1.66 
1.58 


1.76 
1.66 


1.80 
1.70 


1.85 
1.75 


1.95 
1.85 


5 xBHxJ^ 


22.7 

8.7 


13.34 
5.12 


1.53 
1.61 


1.42 
1.33 


1.51 
1.41 


1.56 
1.45 


1.61 
1.50 


1.71 
1.59 


5 X 3 xH 


19.9 
8.2 


11.68 
4.80 


1.55 
1.61 


1.18 
1.09 


1.27 
1.17 


1.32 
1.22 


1.37 
1.26 


1.47 
1.35 


4Hx 3 xli 


18.5 

7.7 


10.86 
4.50 


1.38 
1.44 


1.21 
1.13 


1.31 
1.22 


1.36 
1.26 


1.41 
1.30 


1.51 
1.40 


4 x3Hxi« 


18.5 

7.7 


10.86 
4.50 


1.19 
1.26 


1.50 
1.42 


1.59 
1.51 


1.64 
1.55 


1.69 
1.60 


1.79 
1.69 


4 X 3 xll 


17.1 
5.8 


10.06 
3.38 


1.21 
1.28 


1.25 
1.16 


1.35 
1.24 


1.40 
1.28 


1.45 
1.33 


1.55 
1.43 


3Hx 3 xH 


15.8 
5.4 


9.24 
3.12 


1.04 
1.11 


1.30 
1.20 


1.40 
1.29 


1.45 
1.34 


1.50 
1.38 


1.60 
1.48 


3Mx2HxH 


12.5 
4.9 


7.30 
2.88 


1.06 
1.12 


1.03 
0.95 


1.13 
1.04 


1.18 
1.09 


1.23 
1.13 


1.33 
1.23 


3 x2HxA 


9.5 
4.5 


5.56 
2.64 


0.91 
0.95 


1.05 
1.00 


1.15 
1.09 


1.20 
1.13 


1.25 
1.18 


1.35 
1.28 


3 X 2 xH 


7.7 
4.1 


4.50 
2.38 


0.92 
0.95 


0.80 
0.74 


0.89 
0.84 


0.94 
0.88 


1.00 
0.93 


1.10 
1.03 


2^x 2 xH 


6.8 ^ 
3.62 1 


4.00 
2.12 


0.75 
0.78 


0.84 
0.80 


0.94 
0.89 


0.99 
0.93 


1.04 
0.98 


1.15 
1.08 
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FLEXURE FORMULAS 



STRESSES IN BEAMS 

In the application of the principles of structural mechanics to 
determine what sections should be used safely to sustain super- 
imposed loads under specified conditions of loading, it is necessary 
to ascertain, first, the effects produced on the structure by the loads 
under those conditions; second, to decide what unit strength the 
material, the use of which is contemplated, has to resist the stresses 
produced within the structure by the loading; and, third, to select 
a section whose section modulus is equivalent to the ratio found to 
exist between the stresses tending to cause deformation within 
the structure and the unit strength of the material to resist them. 

ReactioiiB. In the simple case of a beam supported at both ends, 
each support reacts with an upward pressure called the reaction 
of the support. The sum of these two reactions is equal to the total 
load on the beam. 

Shear. The loads and the reactions of the supports are vertical 
forces tending to shear or cut the beam across and the stresses 
they produce within the beam are, therefore, called shearing 
stresses. The shear at each support is equal to the reaction of 
the support; the shear at any point between the supports is equal 
to the reaction of a support less the total load between that 
support and the point; or, if the reaction acting upward is 
considered as positive and the loads, acting downwards, as 
negative, the shear at any point is the algebraic sum of the 
vertical forces acting on the beam between that point and either 
support. 

If such a simple beam supported at both ends carries a load 
uniformly distributed over its entire length, the reaction and the 
shear at each support is equal to one-half the total load on the 
beam, but the shear decreases uniforn^ly to zero at the center of 
the span; if the load is concentrated at the center of the span, the 
reaction and the shear at each support are also equal to one-half 
the total load, but the shear is uniform throughout the entire 
length of the beam. 

Bending Moment. The loads on the beam and the reactions of the 
supports constitute external forces which produce bending stress in 
the beam. The summation of the moments of the external forces 
about any point is called the bending moment and varies from 
point to point. It attains a maximum value at a point where the 
shear is either zero or changes from positive to negative or vice 
versa. If the loads are concentrated at several points, the maxi- 
mum bending moment always occurs at the point of application of 
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one of the loads so located that the sum of all the loads on the bt u 
between one support up to and including that load is equal to Oi \ * 
greater than the reaction of the support. 

Vertical Deflection. Bending stress within a beam produces flexure, 
and the deflection, or the amount of its departure from a straight 
line, is the measure of the deformation which the beam has under- 
gone in its resistance to bending stress. So long as the stress is 
within the safe limits allowed for the material, the deflection is 
negligible so far as concerns the beam itself; it may, however, be 
of sufficient magnitude to cause the disruption of other materials 
in contact with or supported by the beam but of less strength, such 
as plaster. In such cases the limit of allowable deflection may 
determine or at least influence the choice of a section. 

Lateral Deflection. The stressed within a beam under transverse 
loading are compressive on one side of the neutral axis and tensile 
on the other. The tensile stresses tend to hold the beam in a 
straight line between the supports, while the compressive stresses 
tend to deflect it in a lateral direction, just as the bending stresses 
as a whole tend to deflect it in a vertical plane. On long spans 
unsupported against sidewise deflection, this consideration may 
influence the choice of sections. 

Method of Computation. A complete investigation of the strength of 
beams under transverse loading must take into account all the 
elements, the bending moment, the vertical deflection, the lateral 
deflection and the shearing stress; though under the usual loading 
conditions the first alone determines the size and weight of section. 

In the calculation of bending stresses, the loads are usually 
expressed in pounds, the span length and the distance between the 
loads in feet; the resulting bending moments are in terms of foot 
pounds, which necessitates conversion to inch pounds before the 
section can be selected from the tables. | The section modulus of 
the required section is obtained by dividing the maximum bending 
moment in inch pounds by the allowed fiber stress in pounds per 
square inch.1 In such calculations it is assumed that the neutral 
axis of the section is normal to the line of action of the load. When 
this is not the case, correction must be made for the eccentricity 
of the loading. 

In the pages which immediately follow are given general formulas 
for the bending moments and vertical deflections of beams under 
the usual conditions of loading, and also diagrams illustrative of 
those conditions. The general method for the computation of the 
maximum bending moment of a beam supported at its ends and 
loaded at various points is as follows: — 
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First. Find the reaction at the left (right) support by multi- 
plying each load by its distance from the right (left) support and 
dividing the sum of these products by the length of the span. 

Second. Starting from the left (right) end of the beam, add the 
successive loads until a point is reached where the sum of the loads 
equals or exceeds the reaction of the left (right) support; the point 
of maximum bending moment is located at this point. 

Third. Multiply the reaction at the left (right) support by its 
distance from the point of maximum bending moment and subtract 
the sum of the products of all loads to the left (right) of this point 
by the corresponding distance from this point; the difference 
between these moments is then the maximum bending moment. 

^ 9-0-'-- •^ /*--4'-0-"- Example: Required the size of a 

K-4-0-';5C 5-0^'-;i^ . .^.....^^..^..^u steel beam to support the following 



— ^^^^ ^"^^^ ^^^^^ quiescent loads over a clear span of 16 



^^^^^g^^v/^^^^^^^^g^^ 



j I U— 5'_ Q-".- v2i(H '®®^ between supports, at a maximum 

I u -12 - 0----- ^ ^^^ stress not to exceed 16000 pounds 

-16-0'" ** per square inch. ■ 

Wi = 16000 pounds. 4 feet from left support. 
Wa= 18000 •• 9 •• •• " 

W8=» 2000 " per foot, uniform up to 4 feet from right support. 
W4=:i 60 ** •« •• assumed weight of beam uniformly distributed 

over entire span. 

Left Reaction. 1^000x12 -f (60x 16)8 +^18000x 7 + (2m x i) x 2^^^^^ ^^ 

Right Reaction. 1^000 x 4 + (60 x 16)8 + 18000x9+ (2000x4) x 14 ^^^^^^^^^ 

Simiofreactions=8umofloads=Wi+ W, + W, + W* =42960 lbs. 

Points of THRTinniim moment (60 x 4) + 16000 = 16240 < 21855 

(60 X 9) + 16000 + 18000 = 34540 > 21355 
therefore the point of maximum bending moment is at point of load W2. 
Maximum bending moment, 21355x9-16000x6-(60x9)x4.5 =109765 ft. lbs. 

or, 21605x7-(2000x4)x6-(60x7)x3.6 =109765 ft. lbs. 

-. , . ^, . , 109765 X 12 1317180 ^o a 

Required section modulus = — 13555 — =~IB6CRP~ 

As the section modulus of the 15 inch 65 poimd or the 18 inch 55 poimd 

beam is greater than this, either of these sections may be used. If it is decided 

that the 18 inch 46 pound supplementary beam is strong enough for the 

1317180 
purpose, the actual fiber stress on that section would be — gj^^—ss 16162 

pounds per square inch. If the allowed fiber stress were 12500 pounds per 

, . ^, , , _,, - , , , , 109765 X 12 1317180 

square inch, the required section modulus would be — 12500 — ~ 12500 ~ 

105.38 and the permissible minimum sections would be 20 inch 65 pound, 21 
inch 57.5 pound beams, etc. 
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NOTATION USED IN FORMULAS 

A =Area of section, in square inches. 

n =Distance from center line of gravity to extreme fiber, in inches. 

I =Moment of inertia about center line of gravity, in inches*. 

Ma=Static moment, in inches^. 

S =Section modulus =I/n, in inches^. 

r =Radius of gyration =VI/ A, in inches. 

f =Bending stress in extreme fiber, in pounds per square inch. 

fb =Resistance of web, in pounds per square inch. . 

E =Modulus of elasticity, in pounds per square inch. 

L =Length of section, in feet. 

1 =Length of section, in inches. 

d =Depth of section, in inches. 

b =Width of section, in inches. 

t =Thickness of section, in inches. 

W, Wi, W2=Superimposed loads supported by beam, in pounds. 

w =Superimposed load, in pounds per unit length or aiea. 

W max = Maximum safe load at point given, in pounds.. 

R, Ri =Reactions at points of support, in pounds. 

V =Vertical shear, in pounds. 

M, Ml, M2=Bending moments at points given, in inch pounds. 

M max =Maximum bending moment, in inch pounds. 

Mr = Maximum resisting moment, in inch poimd8=^ I/n = f S. 

D, Di =Deflections at points given, in inches. 

D max =Maximum deflection at point given, in inchee. 



I 

I 
I 
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COMPARISON OF VARIOUS LOADING CONDITIONS 

The formulas and diagrams on pages 196 to 199 give the various 
stresses in sections used as beams, resulting from usual conditions 
of loading. 

Taking as a unit of comparison a uniformly distributed safe load 
on beams of equal length and section, supported at the extreme 
ends, the following table gives the relative maximum safe loads 
or bending moments and deflections. 

As a check on the accuracy of a computation, the safe load 
obtained from the formula for any condition of loading may be 
multiplied by the reciprocal given in the table corresponding to 
such loading condition ; the result should be the maximum allowable 
uniform load as taken from beam safe load tables. 



Condition8 of Loading 


Case 
No. 


Maximum Safe 
Load 


Maximnm 
Deflection 




Relative 


Reeiprooal 


Relative 


Bbam Sufpobtsd at Ends 






. 




Load uniformly distributed over span 


IX 


1 


1 


1 


Load concentrated at center of span 


V 


% 


2 


.80 


Two equalloads symmetrically concentrated 


VII 


l/4a 


4a/l 




Load increasing uniformly to one end 


X 


.9743 


1.0264 


.976 


Load increasing imiformly to center 


XII 


% 


IH 


.96 


Load decreasing imif ormly to center 


XI 


% 


% 


1.08 


Bbam Fizbd at Onb End, Cantilbyer 










Load uniformly distributed over span 


II 


V4 


4 


2.40 


Load concentrated at end 


I 


H 


8 


3.20 


Load increasing uniformly to fixed end 


III 


% 


2% 


1.92 


Bbam Continuous ovbr Two Supports 










Equidistant prom Ends 










Load uniformly distributed over span 


XVI 








1. If distance a >0.2071 1 




l2/4a2 


4a2/la 




2. If distance a <0.2071 1 




1 
l-4a 


l-4a 
1 




3. If distance a =0.2071 1 




5.8286 


.1716 




Two equal loads concentrated at endb 


XV 


l/4a 


4a/l 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bending Moments and Deflections 



I. CANnLEVER BEAM — Concentrated load at free end 

"] Ri(max. shear) 

Mjmax. 

M, distance z 

Mmax, at Ri 

Wmax. 

Dmax. 




= W 
= Wx 

= Wl 

fS 



Wl« 



IL CANnLEVER BEAM— Uniformly distributed load 

1 Ri(max. shear) = W 

Wxa 




"• X— ->• 



M. distance x 
M max. at Ri 
Wmax. 
Dmax. 



~ 21 
Wl 

2fS 

— JEL 



nL CANTILEVER BEAM — Load increasins uniformly to fixed end 

Ri(max. shear) = W 

W x» 




M max. 



M, distance x 
Mmax. at Ri 
Wmax. 
Dmax. 



= "s — W 

Wl 



3fS 
1 

W18 
15EI 



IV. BEAM SUPPORTED AT ENDS — Concentrated load near one end 




Mimax. 



•' Wb 

R(max. shear if b>a) = \ 

Wa 



Ri(max. shear if a>b) = 
M, distance x = 



Wbx 



}*-i/f^2b)i i 



T^ab 

Mmax., at point of Ioad= — rj — 




Wmax. 
Dmax. 



fSl 
= -aB" 

Wab (a+2b) V3a (a+2b) 

27EI1 
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BEAMS UNDER VARIOUS LOADING C0NDIT;I0NS 
BENDiNa Moments and Deflections 



BEAM SUPPORTED AT EMtS—ConoDtnted Iind ml 

{(m&i. sbear) =^Ki 
1, distance x 

It point of loiuj : 



I r'X iiroai.B(ini 




Wl» 



n. BEAM SUPPORTED AT ENDS — Two n 
R (mai. abear 



= -^(l-tt+bl 

M, distance a = Ra=^^i-(l-a+b) 

Ml mfti., distance b {b>a)= R,b=-^2. (!+„_])) 
Mbp dlBt&nce x ^^R% — n— (x-ih) 



TIL BEAM SUPPORTED AT ENDS— Two lyBuetrlcal « 



MhT 



_ R(max. Bliaar) =R] 



j[,atandbetweeDl(iadB= — : 



fO o^ 



(?ili'-a») 



VUI. BEAM SUPPOBTED AT ENDS— Thm ecnantnited iMdt 

Wb+Wibi+W.ba 

= J— r 

_ Wa+W]ai+Wia, 



tei 






Ri 

MatW 

M max. If W 

M majt. If W,+W 



=.Ba. 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bending Mouents and 




X BEAK BUI>FOBTED AT ENDS— lAd Inenuinc OBltorHlr to ou Kd 



Ri(mai. Bhear) 
M. distance z 



_ 2W1 
9 V3 
8718 

.01 3044 W l» 
EI 




Xn. BEAM SUffOATED AT ENDS— Load Incnuliw aallarab ts csta 

Rftnai. ahoarl=Ri = -j- 

M. distance z = Wi<M-^r) 

M maot., dbtance -^ = -jj— 

w.„. _-S« 

lee 
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BEAMS UNDER VARIOUS LOADING CONDITIONS 
Bending Moments and Deflections — Concluded 

XIIL BEAM SUPPORTED AT ENDS— Uniform load partially distribated 

R(max. shearif a<c)= ^(^c+b) 




Ml max. 



R] 



W(2a+b) 
= -^2P — 



-R* W(x-a)2 



"*--x— -* 



M, dist. z=a or<a, = Rz 
Midist.x>a, 

M2. dist.x>(a+b), =Rx— ^^^^^^^^Z^ 
Mmax..dist.a+-^.=^^^^^^ntl',^^<^^^'»^ 
Wmax. = (2c+b)[4allb(2c+b)l 



XIVl BEAM SUPPORTED AT ENDS — Uniform load partially discontinuous 




:max. 



R(max. shear if W>Wi) ^ W(21-a)+WiC 

Ri 

M. distance x <a, 



Wi(2l-c)+Wa 

= -w 

= Rx- ^^^ 



2a 



Ml distance x >a, 



= Rx_W(|UiI 



H--.X--V 



M max. dist.x 



Wmax. 



2Wal-Wa2+Wica j^,^ 



& Wa>WiC 



R2a 

—"273" 



XV. BEAM CONTINUOUS OVER TWO SUPPORTS— Two exterior symmetrical loads 

W 



A 



1-1 

I 



max. 



M-- 



i^-a-n4 -a*4 -a-»l«-a- 



I 

■•I 
1 




R(max. shear)=:Ri 

M, distance x 

M max., from R to Ri 

Wmax. 

D, distance a 

Di, distance-2 — a 



2 
Wx 



Wa 



2 

2fS 



a 



Wa(3al^a«) 

= — Wm — 

Wa(l-2a)« 
= 16KI 



XVL BEAM CONTINUOUS OVER TWO SUPPORTS— Uniformly distributed load 

-^ R = Ri =^,mai. Bhear^ — ^'^ '* 




or -y- (2' -a) 



j^ M. distance X =— ^ — ^ o, ilx=-^—y—^ 

max.ifa>l(V>4-H) 



"X- •• 



Wa2 
MiatRandRi= — jp- 

\r ..««.- Wa-4a) 
Ma at center = ^ 

w 2lf3 

Wi max. *="li3 — 

xitr 8fS 

W2 max. — T=4a 



max.ifa<l(\H-34) 
max. if a > l(V>i-M) 
max.ifa<l(VH-H) 
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SAFE LOADS FOR SECTIONS USED AS BEAMS 

EXPLANATION OP TABLES 

The tables of safe loads for structural and supplementary beams, 
H-beams, cross tie sections and channels, used as beams under 
conditions of transverse loading, give the uniformly distributed 
safe loads in thousands of pounds for spans customary in bridge 
and building construction based upon an extreme fiber stress of 
16,000 pounds per square inch. The tables of safe loads for angles, 
tees and zees give the values at the same fiber stress on spans of one 
foot from which the safe load for any span length may be obtained 
by direct division and also the values for those spans at which the 
allowed safe load will produce a deflection of ^eo of the span length. 
The loads in all cases include the weight of the section, which should 
be deducted in order to arrive at the net load which the section will 
support. 

In addition to these usual tables of safe loads, there follow, on 
the same basis, tables of the allowable uniform load in pounds per 
foot on beams and channels for various span lengths, which may be 
used in proportioning the floor systems of buildings. The choice 
between various weights and depths of sections for any given span 
or any uniform load per running foot may be made on inspection. 

It is assumed in all cases that the loads are applied normal to 
the axis 1-1 as shown in the tables of elements of sections, and that 
the beam deflects vertically in the plane of bending only. If the 
conditions of loading involve the introduction of forces outside this 
plane of loading, the allowable safe loads must be determined from 
the general theory of flexure in accordance with the mode of appli- 
cation of the load and its character. This applies particularly to 
unsymmetrical sections, such as zee bars and angles, which should 
be used only under those conditions of loading where the section 
can deflect vertically only, being rigidly secured against lateral 
deflection or twisting throughout the entire span. In all such 
cases of eccentric loading, the actual safe loads would be considerably 
lower than the tabulated safe loads which have been based upon 
the most favorable conditions of loading. 

Vertical Deflection of Beams. In the case of beams intended to cany 
plastered ceilings, experience indicates that the vertical deflection 
to avoid cracking the plaster should be limited to not more than 
1^60 of the span length. This span limit for steel beams is approxi- 
mately in feet twice the depth in inches and is indicated in the 
tables by the lower zigzag line. Beams intended for such purposes 
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should not be used for greater spans unless the allowable tabular 
safe load exceeds the actual load to be supported. As the dead 
load of the floor is supported by the beams before the plaster is 
applied, only the deflection due to the live load really needs to be 
considered. 

The coefficients given below may be used to obtain the deflection, 
in inches, of sections subjected to transverse stresses due to uniformly 
distributed loads at various fiber stresses and are based upon the 
following formulas, using the notation given on page 194, 



Deflection, D= _J^^^^ ,when Wl=^or D= 



76.8EI 



n 



76.8 En W ^ n 
Coefficient 



For symmetrical sections, n=7r, D= — isr-X:r° ^^^4.v. i^ i^^v.^ 

2 Ed deptli m inches 



COBPPICIBNTS OP DbPLECTION UNIFORMLY DISTRIBUTED LOADS 



Span, 


Fiber Stress, Pounds per 


Square Inch 


Span, 
Feet 


Fiber Stress, Pounds per 


Square Inch 


Feet 


16000 


14000 


12500 


16000 


14000 


12500 


1 


0.017 


0.014 


0.013 


26 


11.189 


9.790 


8.741 


2 


0.066 


0.058 


0.052 


27 


12.066 


10.558 


9.427 


3 


0.149 


0.130 


0.116 


ae 


12.977 


11.354 


10.138 


4 


0.265 


0.232 


0.207 


29 


13.920 


12.180 


10.875 


6 


0.414 


0.362 


0.323 


30 


14.897 


13.034 


11.638 


6 


0.596 


0.521 


0.466 


31 


15.906 


13.918 


12.427 


7 


0.811 


0.710 


0.634 


32 


16.949 


14.830 


13.241 


8 


1.059 


0.927 


0.828 


33 . 


18.025 


15.772 


14.082 


9 


1.341 


1.173 


1.047 


34 


19.134 


16.742 


14.948 


^ 10 


1.655 


1.448 


J^293 


'35 


20.276 


17.741 


15.841 


11 


2.003 


1.752 


1.565 


36 


21.451 


18.770 


16.759 


12 


2.383 


2.086 


1.862 


37 


22.659 


19.827 


17.703 


13 


2.797 


2.448 


2.185 


38 


23.901 


20.913 


18.672 


14 


3.244 


2.839 


2.534 


39 


25.175 


22.028 


19.668 


15 


3.724 


3.259 


2.909 


40 


26.483 


23.172 


20.690 


16 


4.237 


3.708 


3.310 


41 


27.823 


24.346 


21.737 


17 


4.783 


4.186 


3.737 


42 


29.197 


25.548 


22.810 


18 


5.363 


4.692 


4.190 


43 


30.604 


26.779 


23.909 


19 


5.975 


5.228 


4.668 


44 


32.044 


28.039 


25.034 


20 


6.621 


5.793 


5.172 


45 


33.517 


29.328 


26.185 


21 


7.299 


6.387 


5.703 


46 


35.023 


30.646 


27.362 


22 


8.011 


7.010 


6.259 


47 


36.562 


31.992 


28.565 


23 


8.756 


7.661 


6.841 


48 


38.135 


33.368 


29.793 


24 


9.534 


8.342 


7.448 


49 


39.741 


34.773 


31.047 


25 


10.345 


9.052 


8.082 


50 


41.379 


36.207 


32.328 



To find the deflection in inches of a section symmetrical about 
the neutral axis, such as beams, channels, zees, etc., divide the 
coefficient in the table corresponding to given span and fiber stress 
by the depth of the section in inches. 
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To find the deflection in inches of a section not symmetrical 
about the neutral axis, such as angles, tees, etc., divide the coeffi- 
cient corresponding to given span and fiber stress by twice the 
distance of extreme fiber from neutral axis obtained from table of 
elements of sections, pages 166 to 183, inclusive. 

To find the deflection in inches of a section for any other fiber 
stress than those given, multiply this fiber stress by any of the 
coefficients in the table for the given span and divide by the fiber 
stress corresponding to the coefficient used. 

Lateral Deflection of Beams. The tabular safe loads are based on the 
assumption that the compression flanges of the various sections are 
secured against lateral deflection by the use of tie rods or by other 
means at proper intervals. According to the Construction Specifi- 
cations, page 152, the lateral unbraced length of beams and 
girders should not exceed forty times the width of the -compression 
flanges. When the unbraced length exceeds ten times the 
width, the tabular safe loads should be reduced in accordance with 
the ratios given in the following table in order to insure that the 
stresses in the compression flanges should not exceed the allowed 
safe unit stress: — 



Unbraced 
Length of Span 



Allowable Safe Load 



5 X flange vridth 
10 X 
15 X 
20 X 



Full tabular load 
<t <i << 

00.6% tabular load 

81.2% 



Unbraced 
Length of Span 



25 X flange width 
30 X 
35 X 
40 X 



Allowable Safe Load 



71.9% tabular load 

62.5% 

53.1% 

43.8% 



In addition to this lateral deflection which is induced within 
the beam by the action of pure bending stresses, lateral deflection 
may be induced by the thrust of floor arches or other loading acting 
on an axis perpendicular to the line of principal bending stress. 
The thrust of these arches should either be neutralized by tie rods, 
or the safe carrying capacity of the beam should be computed in 
accordance with the general formulas of flexure to provide for the 
combined stresses due to the action of both vertical and horizontal 
forces; that is to say, the safe loads should be figured around both 
the axes 1-1 and 2-2, and the unit stress computed so as not to 
exceed 16,000 pounds per square inch. 

Effect of Impact on Stresses. The formulas upon which the tables of safe 
loads are based assume all loads to be quiescent or static. The effect 
of moving loads may be taken care of either by reducing the allowable 
unit stresses, or else by increasing the theoro^cal loads. See 
Construction Specifications, page 150, paragraph 2. 
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When the load is suddenly applied, the resultant stresses axe greater 
than those due to an equal static load. When the load is instan- 
taneously applied, the resultant stresses are double. 

When an instantaneously applied load produces impact or percus- 
fiion, the resultant stresses are dynamic and are measured by the laws 
governing the energy of bodies in motion. The following empirical 
formulas may be used to ascertain the approximate fiber stress and 
deflection due to a load f aUing on the center of a beam supported at 
both ends, when no account is taken of the distortion due to the 
impact or percussion at the point of application of the load: — Let 

W =Weight of load, in pounds. 

Wi==Weight of beam, in pounds. 

h =Height of fall, in inches. 

f =Extreme fiber stress due to static load, W+Wi, in poimds per 
square inch. 

fd =Extreme fiber stress due to dynamic load, W, in pounds per 
square inch. 

D =Deflection due to static load, W+Wi, in inches. 

Dd=^Deflection due to dynamic load, W, in inches. 

35 W rru 

"^ =35W+17Wi' ^^^^ 



fd =f (1 + V?^+1) and Dd=D + V2mhD + D2 

Shearing Stresses. The safe load tables for beams and channels are 
computed solely with reference to safe unit stresses due to flexure, 
and the safe loads uniformly distributed on the spans given will not 
produce average shearing stresses in the web greater than the 
10,000 pounds per square inch allowed by the Construction Specifi- 
cations. When, however, beams are loaded with heavy loads 
concentrated near the supports, or when beams of short span are 
loaded with uniformly distributed loads to their full carrying 
capacity as regards flexure, the bending moments may be small in 
compslison with the reactions at the supports, and the beams may 
fail along the neutral plane as a result of longitudinal shearing 
stresses, or may buckle as a result of the combined longitudinal 
and vertical web stresses. On such spans the safe shearing or 
buckling strength of the web may limit the carrying capacity of 
the beam rather than the resistance of the flanges to bending 
stresses. 

LoBgitadiiial Shear. At any point in any section of a beam, the 
horizontal and vertical components of the web stress are equal to each 
other and proportional to the vertical shear ; their intensities are 
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dependent upon the distance of the point from the neutral axis. In 
order to determine the intensity of the vertical shearing stress at 
a given point in a vertical section of the beam, therefore, it is 
sufficient to find the equal intensity of the horizontal shearing 
stress at the same point in the horizontal plane. 

The longitudinal unit shear is zero at the upper and lower flanges 
of the beam and a maximum at the neutral plane. It is greatest 
at the supports and zero where there is no vertical shear. 

The intensity of the longitudinal shear at any point in any section 
is the product of the vertical shear, V, for that section and the 
statical moment, Ms of the section included between the horizontal 
plane of shear through that point and the extreme fibers on the same 
side of the neutral plane divided by the product of the moment of 
inertia of the beam around the proper axis and the thickness at the 
plane of shear; or 

Longitudinal shear per square inch= ^ t ^ . 



s, 



•i^i..t 



^ 



Q' 



.50" 



7" Example — Required the maximuzn longitudinal 

3.25^' shear per square inch in a 24" 80 lb. beam loaded 

f"\ with two symmetrical loads of 100.000 pounds 

each, disregarding the weight of the beam. 

Ms of Flange Rectangle=7x.60xl 1.7 = 49.14 

Ms of Flange Triangles =:3.25x.642xl 1.219=: 19.76 

Neutninte MsofWeb =11.40x.50x5.70 = « 32.49 

pimeof'^Mir' Total static Moment 101.39 

Moment of Inertia of Beam 1=2087.2 

=9715 pounds per square inch. 

Under usual conditions of loading, the vertical shear need not be 
taken into consideration. 

Bucklins Values of Beam Webs. The vertical shearing stresses or the 
vertical compressive components of the web stress may under some 
conditions exceed the safe resistance of the beam to buckling, and 
there remains the possibility that a web or web plate which is amply 
secure as against the safe allowed shear of 10, 000. pounds per square 
inch will not be of sufficient strength when considered as a column. 
In such cases provision must be made for security against buckling 
either in the way of stiffeners or by increasing the thickness of the 
web or web plate. 

A series of experiments have been carried out on beams of various 
depths and web thicknesses to arrive at a basis for a simpler method 
/of computation to use in the mveati^atioTi oi the safe buckling 
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resistance of beams with unsupported webs, and from these experi- 
ments the following formulas have been deduced: 



! I 



a* ai 

Safe end reaction R== fb x t (a +~t) 

Safe interior load W=2 f b x t (a^ +~) 



ITTTT] 

In these formulas R is the end reaction, W the concentrated load, 
t the web thickness, d the depth of the beam, a^ half the distance 
over which the concentrated load is applied and a the whole 
distance over which the end reaction is applied, while fb is the safe 
resistance of the web to buckling in pounds per square inch by the 
formula 19000--100 d/2r (d/2=l in column formula). 

The first formula is general and applies to any condition of 
loading. The second formula covers the case of a single load 
concentrated at the center of a span; it can be extended to cover a 
system of concentrated loads provided the sum of the distances a^ is 
not less than a. 

The tables which immediately follow give for beams and channels 
with unsupported webs: 

1. Allowed web resistance fb, in pounds per square inch com- 
puted from this compression formula. 

2. The distance a, or the distance over which the end reaction 
must be distributed when the shearing stress, V, in the web is the 
maximum allowable of 10,000 pounds per square inch. 

3. The allowable end reaction (R) when a is taken at 3H" 
which is the usual length of beam actually resting on the 4" angles 
ordinarily used in building construction for beam seats. 

4. The allowable shear V, on the gross area of beam or channel 
webs at 10,000 pounds per sqUikure inch. 




In addition to these data which have to do with the maximum 
loads on beams and channels as computed from the web resistance, 
these tables also give the maximum bending moments in foot 
pounds, obtained by the multiplication of the section modulus of 
each section by the allowed fiber stress of 16,000 pounds and the 
division of the product by 12 in order to reduce to a foot pound 
basis. These maximum bending moments may be used on inspec- 
tion instead of the table of properties to ascertain the proper size 
section to be used in any particular instance. 
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Examples of the Use of Beam Safe Load Tables 

Example 1. Direct Bending. Required the proper size of a beam laterally 
braced to support a superimposed or net load of 30,000 pounds uniformly 
distributed over a clear span of 20 feet. 

From the table of safe loads, page 212, it is found that a 15 inch 42 pound 
beam will support a gross load of 31,400 pounds. The weight of a beam 20 
feet long is 840 pounds. The net safe load is, therefore. 31,400—840=30,560 
pounds. A 15 inch 42 pound beam will, therefore, carry the net load specified. 

Example 2. Shear. Required the maximum load which a 20 inch 85 
pound beam can support without exceeding the safe web resistance of the 
section. 

From the table, page 211, the maximum load for this section given in small 
figures above the upper zigzag line is found to be 265,200 pounds. 

Example 3. Vertical Deflection. Required the proper size and the 
deflection of a channel supporting a net load of 10,000 poimds concentrated in 
the middle of a 14-foot span, assuming that the channel is braced against 
lateral deflection. 

The specified load is equivalent on the given span to a imiformly distributed 
load of 2 X 10,000=20.000 pounds. 

In the table, page 220, it is found that a 12 inch 30 pound channel will 
support a gross load of 20,500 pounds or a net load of 20,500— 14 x 30=20,080 
pounds. The net safe load concentrated at the middle of the span will be 
one-half this or 10,040 pounds. 

The deflection produced by a uniformly distributed load of 20,500 poimds 
is found from the coefficient given in the same table and page 201 to 

be ^P= 0.270". The deflection for the specifled load concentrated in the 

middle of the span is approximately 2:27^JE-1= 0.216". 

See page 195. 

Example 4. Vertical Deflection. Required the deflection of a riveted 
girder 37 inches deep for a span of 35 feet and a fiber stress of 14.000 pounds per 
square inch. 



Required deflection, see table, page 201,= ^^7^= 0.479 



// 



Example 5. Vertical Deflection. Required the deflection of an angle 
6 X 4 X '^h'^" about an axis parallel to the short leg for a span of 14 feet and^a 
fiber stress of 16,000 pounds. 

3 244 
Required deflection, see table, pages 201 and 202, is g ^ (6—1 96) —^•^'^^"' 

Example 6. Vertical Deflection. Required the deflection of a 10 inch 
beam for a span of 18 feet with a fiber stress of 11,000 pounds. 

Required deflection, see table, pages 201 and 202, = ^^^'^^^ '^^ =0.369". 

Example 7. Lateral Deflection. Required the safe load on a 12 inch 31H 
pound beam for a span of 16 feet without any lateral support or bracing. 

Tabular load, page 189,=24,000 pounds. 

j^^^.^_^gth_ofsEan, ^ 16x22 _ 
Flange width 5 

Reduced safe load, page 202. 24,000x0.468=11.232 pounds. 
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BEAMS 
Maximxtm Bending Mobients and Web Resistance 



l^niax 



Maxiihum 
Bending 
Moment 



Foot 
Pounds 



285300 

328390 
320390 
312390 
264400 
256560 
248710 
240870 
231920 
214220 

155880 

220750 
214210 
207680 
201140 
195510 
169170 
162640 
155930 

186720 
180840 
174960 
169080 
136480 
130590 
124710 
117860 
108620 

122890 

117980 

113080 

108270 

90850 

85940 

81040 

78530 

72020 



Depth 

of 
Beam 



Inches 



27 



24 



21 



20 



18 



15 



Weight 

per 

Foot 



Pounds 



83.0 

115.0 

110.0 

105.0 

100.0 

96.0 

90.0 

85.0 

80.0 

69.5 

57.5 

100.0 
95.0 
90.0 
85.0 
80.0 
75.0 
70.0 
65.0 

90.0 
85.0 
80.0 
75.0 
70.0 
65.0 
60.0 
55.0 
46.0 

75.0 
70.0 
66.0 
60.0 
56.0 
50.0 
45.0 
42.0 
36.0 



Thickness 

of 

Web 



Inches 



.424 

.750 
.688 
.625 
.754 
.693 
.631 
.670 
.500 
.390 

.367 

.884 
.810 
.737 
.663 
.600 
.649 
.575 
.500 

.807 
.725 
.644 
.662 
.719 
.637 
.665 
.460 
.322 

.882 
.784 
.686 
.590 
.656 
.668 
.460 
.410 
.289 



Allowable 
Web 
Shear 



Pounds 



114480 

180000 
166120 
160000 
180960 
166320 
151440 
136800 
120000 
93600 

74970 

176800 
162000 
147400 
132600 
120000 
129800 
115000 
100000 

146260 
130500 
116920 
101160 
I 129420 
114660 
99900 
82800 
57960 

132300 
117600 
102900 
88600 
98400 
83700 
69000 
61600 
43350 



fb 



Allowable 

Buckling 

Resistance 



Pounds 
per 8q. In. 



7970 

13460 
12960 
12360 
13490 
13000 
12410 
11710 
10690 
8340 

8820 

15080 
14720 
14300 
13780 
13230 
13660 
12980 
12080 

15140 
14700 
14160 
13450 
14670 
14110 
13380 
12220 
9320 

16060 
16690 
15210 
14600 
15040 
14340 
13360 
12670 
10010 



a R 



Min. 

End 

Bearing 



Inches 



27.1 

11.8 
12.5 
13.4 
11.8 
12.5 
13.3 
14.5 
16.5 
22.8 

18.6 

8.3 

8.6 

9.0 

9.5 

10.1 

9.6 

10.4 

11.6 

7.4 
7.7 
8.2 
8.9 
7.8 
8.3 
9.0 
10.2 
14.8 

5.6 
5.8 
6.1 
6.5 
6.2 
6.7 
7.6 
8.1 
11.2 



End 
Reaction 
a^=«3H" 



Pounds 



34650 

95880 
84690 
73320 
96620 
85610 
74410 
63410 
50780 
30910 

27540 

113320 
101370 
89590 
77630 
67460 
75380 
63420 
51320 

97730 
85260 
72940 
60480 
84350 
71890 
59420 
44980 
24020 

102660 
89160 
75650 
62440 
71530 
58020 
44520 
37660 
20970 
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CARNBOIB STEEL COMPANY 



BEAMS 
Maximum Bendiko Moments and Web Resistances 



71330 
67410 
63400 
69770 



33120 
30180 
27240 
2S1B0 



47G0 
4500 
4240 



42000 

74000 



19000 
17850 



13480 
ia520 
7600 



Rdistance Bcarir 



72830 
57820 
43300 



31940 

saeeo 

103M 

26040 
10020 
11530 



BEAM SAFE LOADS 





CHANNELS 








Maximum Bending Moments and 


Web Resistances 


Mmax 


d 




t 


V 


fb 


a 


R 


Maximum 
Bending 
Moment 


Depth 

of 
Channel 


Weight 

per 

Foot 


Thickness 

of 

Web 


Allowable 
Web 
Shear 


Allowable 

Buckling 

Resistance 


Min. 

End 

Bearing 


End 
Reaction 

Pounds 


Foot 
Pounds 


Inches 


Pounda 


Inches 


Pounds 


Pounds 
per Sq. In. 


Inches 


76490 
71590 
66680 
61780 
56880 
65570 


15 


55.0 
60.0 
45.0 
: 40.0 
35.0 
33.0 


.818 
.720 
.622 
.524 
.426 
.400 


122700 
108000 
03300 
78600 
63900 
60000 


15820 
15390 
14820 
14040 
12900 
12510 


6.7 
6.0 
6.4 
6.9 
7.9 
8.2 


93830 — 

80350 

66840 

53350 

39850 

36270 


64360 
60110 
55870 
53320 
51620 
48740 


13 


60.0 
45.0 
40.0 
37.0 
35.0 
32.0 


.791 
.678 
.565 
.497 
.452 
.375 


102830 
88140 
73450 
64610 
58760 
48750 


16150 
15680 
15020 
14470 
14020 
13000 


4.8 
5.0 
6.4 
5.7 
6.0 
6.8 


86260 
71760 
57260 
48640 
42770 
32900 


43760 
39840 
35920 
32000 
28470 


12 


40.0 
35.0 
30.0 
25.0 
20.5 - 


.758 
.636 
.513 
.390 
.280 


90960 
76320 
61560 
46800 
33600 


16260 
15730 
14950 
13670 
11570 


4.4 
4.6 
5.0 
5.8 
7.4 


80090 
65040 
49850 
34660 
21060 


30800 
27530 
24260 
20990 
17840 


10 


35.0 
30.0 
25.0 
20.0 
15.0 


.823 
.676 
.529 
.382 
.240 


82300 
67600 
52900 
38200 
24000 


16900 
16440 
15730 
14470 
11780 


3.4 
3.6 
3.9 
4.4 
6.0 


83430 
66670 
49910 , 
33160 
16970 


20950 
18010 
16070 
14020 


9 


25.0 
20.0 
16.0 
13.26 


.616 
.452 
.288 
.230 


55360 
40680 
25920 
20700 


16470 
15650 
13590 
12220 


3.2 
3.5 
4.4 
6.1 


58220 
40420 
22500 
16170 


15920 
14610 
13310 
12000 
10770 


8 


21.25 
18.76 
16.25 
13.75 
11.25 


.682 
.490 
.399 
.307 
.220 


46660 
39200 
31920 
24560 
17600 


16620 
16170 
15530 
14490 
12700 


2.8 
2.9 
3.2 
3.5 
4.3 


53200 
43580 
34070 
24460 
15370 


12640 

11490 

10360 

9210 

8030 


7 


19.75 
17.25 
14.76 
12.25 
9.76 


.633 
.528 
.423 
.318 
.210 


44310 
36960 
29610 
22260 
14700 


17090 
16700 
16130 
16190 
13230 


2.3 
2.4 
2.6 
2.9 
3.6 


66780 
46300 
36830 
25360 
14680 


8680 
7700 
6720 
6780 


6 


15.6 

13.0 

10.6 

8.0 


.563 
.440 
.318 
.200 


33780 
26400 
19080 
12000 


17160 
16640 
15730 
13810 


2.0 
2.1 
2.3 

2.8 


48280 
36610 
25010 
13810 


5650 
4730 
3960 


6 


11.6 

9.0 

. 6.5 


.477 
.330 
.190 


23850 

16500 

9600 


17180 
16380 
14450 


1.7 
1.8 
2.2 


38920 
25670 
13040 


3060 
2790 
2630 


4 


7.25 
6.25 
6.26 


.325 
.252 
.180 


13000 

10080 

7200 


16870 
16260 
16150 


1.4 
1.5 
1.6 


24670 
18430 
12270 


1840 
1640 
1460 


8 


6.0 
6.0 
4.0 


.362 
.264 
.170 


10860 
7920 
6100 


17660 
17030 
16940 


1.0 
1.0 
1.1 


27020 
19110 
11620 
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Allowabi^ Uniform Load in Thoosands op Podniw 

Maxlmuia Bending StfeSH. 1 6.00U Poundfl per Square loch 











Doptbud WegU 


orSeotiou 














!7In. 


2t iDCb 


21 Id. 


rl 




l" 


li* 


m. 


IS. 


C 


fli 1 (10 


,£. 


C 


Z^ 


*ff 


7 

a 
a 

10 
13 

i 

19 
22 
25 
38 

i 

3fi 

e 

7 

1 

42 
43 

!? 


!or.s 

iii 

i42.a 
103:7 

9B.S 
ttk 
&7.t 

ili 

83.4 

57.] 

u 

4!).a 

4S,( 


20i.e 

202.7 

aas.( 
202! I 

1S7.7 

176.1 
164.J 

i46:( 

138.C 

1054 
101.0 

Is 

73.0 


284,8 
256.3 
233.( 

isaj 

lii 
1! 

88.6 

1: 
1 

71.: 


mX 

III 

i3i:£ 

III 

looic 
ea.i 

II 
1 

71:4 

6B.< 

63:s 


302.2 
264.4 

axiis 

1B2.S 

162:5 

141:0 

133.3 

S6:i 

84:6 
8 .4 
7 .3 

eo:i 

60:4 
Gs.a 

4'.J.2 


256.6 
23S.0 
206.2 

ill 

la.! 

1 

i 
70:* 

Si 
Is 

S; 

i 


il 

221:! 

166:6 

I4a:i 

124.4 

iL°l 

98:5 
84.7 

7b:( 

73:1 

66:3 
04.2 

60:3 

55,3 

1? 

47:4 
46.3 
44:2 


3iir 

160: 
128: 

i2a4 

isr 

»6: 

91. 

1 
1 

64:! 

62.: 

1 

65. 
53- 

1 

45:' 

44.: 

41.' 


550 
206.1 
1M.6 
188.7 

132:^ 
100:1 

11 

so:) 

71.4 

53X 

48:6 

45,3 
43.1 
41:2 
40.3 


1S5.8 
142.8 

ill 

100:8 
86:7 

81.6 

74:^ 

65.9 

I! 

63:a 

4b:o 

1 

41,8 
39.9 

11:? 

37.3 
aii.7 


i 

i 

83 

71 

at 

6^ 
fit 

6i 
46 

3i 

3£ 
34 
32 

30 

28 


7 
4 

i 


0,60 
0,Sl 

2:38 

2.80 
3.24 
3.72 
4.24 

li 

0.82 

a 
ill 
si 

13.92 
14.90 
15.91 

ill 

20.28 

11 

20:48 

39:20 
30.60 

lt:S 

3SJB 
30.66 


So 


«;e 


Si "ii 


li:" 


42:3 


4i:c 


.39:? 


3<S 


37:1 


ill 






39.74 











BEAM 


SAFE LOADS 












BEAMS 




Allowable Uniform Load in Thousands or Pounds 




Maximum Bonding Stress. 16.000 Pounds per Square Inch 
















|-=J 


i. 


aoinrh 


IS Incb 












■ — 




Il* 1 lb.. 


Ibi. Ib>. Ibi. 


lb. 1 ibe. 




lb. 


Iba. 














0.41 




^1 


^ 


iTO 


^,. . -.-—:■. -^m 






t>.60 




































i;a.« 


















11 


ir^. 


55 N 




146 '4 


14?? 








1.7. 


l?Hn 
























'■it: XI 












































































96.4 








IB 




n7i 




























































































































6^.4 










8.03 














6^ ■! 




firt'l 


71 1 


US ft 






730 
























































































70. £ 








au.a. 














54.1 




aa 


671 


fl.'Sfl 






nn? 


























































































































iti-Sl 
























































































































35 


50,5 


4U,0 


47.5 


46. U 


44. 




61 :i 


35.B 


4a.7 


*i.a 


40.0 


3».U 


20.2S 


3» 


4B.1 


47.6 


f^-l 


41.7 


"1 


^6« 


T'.'l 


^■? 


41.K 


40-2 


3B.0 


37.fi 


21.45 


































































40 


,1^ 




ShS 


*^:'A 


1«1 




M:!; 






































L« 












nUMimuil mSe lindj. see page 207. 



BEAMS 
Am/'W4MJ! r.Hir'/Wf l/iAi' IS THoriASne of Pocinw 

Maiimuin f(<mtl(U( ^'.(VMB. I Q/XA Pnoiwls per Square iDch 




4IIQ^ 40.9 WI.4 SA.Sn.4l AT.H Sd.s! S4.S 33.31 Saobft 4!H.eb4.2hl.IB 

iii.ii w.r ar n »i.i»aa.al sn,4 s.%.ui 3^.5^ 32.1 a«.9|2£.5»4.o53^ 12.07 

JS«j S-,(lS.V(i]a.t,T.Hi,(v ;i,vi'.ii7 a-.',? so, c; au.o --'4.6 23.222.4 izw 













BEAM 


SAFE LOADS 












BEAMS 
Allowable Uniform IvOad in Tbotjsands of Pounds 




^ 






Depth und WtigLl of Saitiont 


1 S 


pit 


lSlii.1 


■ 12 Ini'h 1 ID Inch 


is^^. 


Iha. 


Ok. \ Ifae. 


lbs. 


it," 


lis. 


ffi' 


lb.. 


lb«. 


,*>;. 


ib>. Ibi. 


Ihi. 




3 
4 
5 

1 

f 
1 

16 

i 
1 

36 
28 

S3 


i 

62.4 

If 

3a. 

33-9 

2a!2 

23.0 

11 


I5S3 

If.:: 

11 

57:i 
Bl.l 

4o:t 

11 
i 


li 

53:1 

li 

37.1 

li 


1571 

6S.t 
48.1 

as!: 

36-3 
33.9 

2B.: 

2b;- 

24.1 

32;; 


69: 
53. 

34.: 

28:i 

11 

20:8 


Sl.2 

45.1 
30.9 

1? 

25.4 
23.9 

22.5 

20:3 
SA 

7.e 
ti 
i5.a 


t5 

i 

3B.4 

a4.{ 

11 

i 

isi: 

15:3 

,..s 


E 

35.5 

tn 
11 

1 
ill 

13.8 


Hlfl 


imi 


S 

67.2 
40: 

28! 

2B.0 

23.9 
22.0 
20-4 

1^:1 

Is'? 

li.3 

isio 


37;s 
11:! 
"■" 

23.7 

i 

ii 

IKf 


34.7 

24:3 
22.1 

ir:4 

II 

iiio 


O.SO 

0.H1 

1.66 

11 

HI 
II 

11.19 

ill 

i8:?iS 


67!; 

|i 

33:1 

30.1 

II 
ill 

i5:< 


G2.1 
44,. 

31:2 
2^.4 

}l:; 

14:: 


21.9 


20.7 




Far muirij^e i^°'SEc''pr8r'2ljs. "" "■°™"° '""■ 



CARNEQIE STEEL COMPANY 



Allowable Uniforu Imah m Thocsamsb or Pounds 
Mulmum Bending Siren, 16.000 PoundB per Sqiure Inch 





Drpth idd Wngtt oS Seetioni 


■s^ 


w 


BiMh !, 8 Inch 1 7I«rh 




3S 


£ 1 £ 


fi'.fs a IIS.'),!:. 


12* 


£ 


ff 


IS 




ee.; 

44.2 

57.9 
33.1 

li 

18,9 
17.7 

!S:5 


„.!™, 






30,3 

1 

13,8 

lois 

10,1 

-M 


14-1 

12 !o 
10*4 
9.7 






22.1 

ill 

11 :o 

lOo 

8,S 




8 
14 

la 


60,4 

34:s 

24:1 

aa.o 

|l 

15.1 
4.2 


fi 

24.2 

21,8 

is,a 

ill 

U.5 
13.6 

2.8 
2.1 


ii 
11 

soa 

18.3 

ill 

13.4 
11.8 


3S;? 

2Qa 

18.6 

13:0 

ia-2 


is,e 

12:3 

11.6 


32:3 

30:2 
10:2 
14,7 

11:5 
10,S 


11:} 
11 


26.9 
23.9 

ill 

IKS 
lO.fl 

1 

7,5 


0,27 

si 

1,06 

liso 

2,00 

If 


17 






4.78 


zo 


His 


2.1 


0.9 


10,1 






6.62 





Daplh SDd Weight of SeclipM 


•Bg 




flinch 


SlvA 


ii^ 


.1.^ 


I«t 


Iff 


Iff 


■f.;^ 


'SIS' 


S 


iff 


ElfS 


?S 


S 


ffi. 


EH 
Its. 


. 


ii 

13.3 

s:3 






li 

«,2 
7,2 

514 


8.3 


12,9 
10,3 

7.4 

J 


1 

6,3 

£,4 

11 


7:2 lit 
6,0 S.6 

-4:0 '3.8 
3,fl 3.4 


1:8 

6.3 

4.8 

11 


1! 
11 


If 

4:a 

3.2 


II 


0.03 


3 


i| 

sis 

7,8 


''li 

i.7 


sl 

0.60 


12 


3.4 


sis 


IS 

3 


\t 




"? 


I" 
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CARNEGIE STEEL COMPANY 



MISCELLANEOUS BEAMS 

Allowable Uniform Load in Thousands op Pounds 
Maximum Bending Stress. 16,000 Pounds per Square Inch 

H BEAMS 



Span 

m 

Feet 



3 
4 
5 

6 

7 

8 
9 

10 

11 
12 

13 

14 
15 
16 
17 



Span 




Depth and Weight of Sections 




Co^cients 


in 
Feet 


8 Inch 
k 34.0 Pounda 


6 Inch 
23.8 Pounds 


5 Inch 
18.7 Pounds 


4 Inch 
13.6 Pounds 


of 
D^ection 




60. 


1 

1 


26.0 




3 


87.6 


81.8 


19.0 
14.3 
11.4 

9.6 

8.1 
7.1 


0.15 


4 


25.4 


0.27 


5 


35.1 

26.7 
22.9 
20.1 

17.8 
16.0 

14.6 
13.4 


20.3 

16.9 
14.5 
12.7 

11.3 
10.1 


0.41 


6 

7 
8 


51.3 
44.0 
38.5 

34.2 
30.8 

28.0 
25.6 

23.7 
22.0 
20.5 

19.2 


0.60 
0.81 
1.06 


9 
10 


6.3 
6.7 


1.34 
1.66 


11 
12 


9.2 

8.5 


2.00 
2.38 


13 
14 
15 

16 


12.3 
11.5 


2.80 
3.24 
3.72 

4.24 


17 
18 


18.1 
17.1 


4.78 
6.36 



CROSS TIE SECTIONS 



Depth and Weight of Sections 



6.6 Inch 
27.8 Pounds 



40.8 



"553" 
30.8 

25.7 
22.0 

19.2 
17.1 

15.4 

14.0 
12.8 

11.8 

'ii'o' 

10.3 
9.0 
9.1 



5.5 Inch 
20.0 Pounds 



27.6 



4.25 Inch 
14.5 Pounds 



3 Inch 
9.5 Pounds 



20.5 

17.1 
14.6 

12.8 
11.4 

10.2 

9.3 

8.5 

""7.9 
7.3 



21.8 



19.9 
14.9 
12.0 

10.0 

8.5 

7.5 
6.6 

'"6.6" 
5.4 



12.8 

6.7 
5.3 

4.5 

3.8 

"3.3 
3.0 



Co^eients 

of 
Deflection 



0.16 
0.27 
0.41 

0.60 
0.81 

1.06 
1.34 

1.66 

2.00 
2.38 

2.80 

3.24 
3.72 
4.24 
4.78 



Ix)ads above upper horisontal lines will produce maximum allowable shear in webs. 
Loads below lower horisontal lines w^ill produce excessive deflections. 
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BEAM SAFE LOADS 



Allowable Uniforu Load in THonBANDB c 
Maxiiuum Bending Strete, la.OOO Pounds p^ Bqi 



Pounds 



Depth Hud Wpiglit ol Swtou 



CARNEGIE STEEL COMPANY 
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BEAM SAFE LOADS 
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BEAM SAFE LOADS 




CARNEQIE STEEL COMPANY 



EQUAL ANGLES 
Allowable Uniform Load in THonsANDs or Pounds 
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BEAM SAFB LOADS 

UNEQUAL ANGLES 
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CARNEOtE STEEL COMPANY 



UNEQUAL ANGLES 
Allowable Uniform Load in Thousands of Poundb 

Nentnl Alia Pmnlld to Shorter Lee 
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CARNEQIE STEEL COMPANY 



UNEQUAL ANGLES 
AiiLOWABLE Unifobm Load in Thousands of Pounds 
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BEAM SAFE LOADS 
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1.65 


12.8 


3 


2H 


6.1 


5.55 


0.76 


73 


4 


3 


9.2 


9.60 


1.08 


8.9 


2H 


3 


7.1 


8.96 


1.08 


8.3 


4 


3 


7.8 


8.21 


0.90 


9.1 


2H 


3 


6.1 


7.68 


0.91 


8.4 


4 


2H 


8.5 


6.61 


0.87 


7.6 


2H 


IH 


2.87 


0.93 


0.25 


3.7 


4 


2yi 


7.2 


5.65 


0.73 


7.7 


2 


IH 


3.09 


1.60 


0.36 


4.4 


4 


2 


7.8 


4.27 


0.70 


6.1 


I'A 


2 


2.45 


2.03 


0.37 


6.5 


4 


2 


6.7 


3.63 


0.59 


6.2 


IH 


IK 


1.25 


0.57 


0.15 


3.7 


3>4 


4 


12.6 


21.12 


1.90 


11.1 


IH 


^ 


0.88 


0.14 


0.07 

\ 


^t. 


3H 


4 


9.8 


16.53 


1.46 


11.3 


i 


1 


\ 


\ 



229 





CARNEGIE STEEL 


COMPANY 






ZEES 




Allowable Uniform Load in TnonsiNiis oi 


Pounds 


Neatnl Aili ftnlld to Flmnr« 




Muimum Bendlnft 8trees. 16.000 Pounds per Square Inch j 


Si.c 


IS 


Sp^' 


Muimum Sdbh 
SDOiDeaeclioB 


Depth, 1 Flungra, 1 TbiclinHB. 
loDhn 1 IncM 1 Inches 


Loui 1 


^ 


•IT- 


6H 


3Ji Ji 


i^oT "il 


T" 


12.3 


BA 


3,1, 


u 


32 





102 


35 13 








3>S 


« 


29 




149 


76 12 


40 


12,1 


8H 


35i 


<1 


28 


1 


150 


40 12 


10 


12.3 


6A 


3,-1 
3Si 




25 




136 


75 U 


20 
20 


13.1 


6M 


3f^ 


H 


31 


1 


110 


08 9 


70 


12.3 


6A 












85 8 


59 


12.2 


6 j 3H 


J^ 


15 


7 




03 7 


45 


12-1 


5H 


3^ 


11 


28 


4 


119 


47 11 


58 


10.3 


s,-; 




W 












10.2 


5. 


3!i 


ii 


23 


7 


101 


01 10 


03 


10.1 


SM 


3!^ 




20 




91 


35 i 


)2 


10.3 
10.2 


5 


3H 


H 


17 


9 


81 




14 


10.1 


6H 


3H 




16 


4 


70 


36 7 


69 


10.3 


5A 

S 


3H 


Va 


11 





Of 


16 


69 
66 - 


10.1 


4M 


3A 


% 


23 





77 


44 


32 


8.3 


4A 


3M 


Ii 










67 


8.2 




3,'. 


H 


18 




04 


53 8 


01 


8.1 


4H 


3,', 


fi 


IS 





on 


92 7 


93 


8.3 


*.v 


3H 
3,', 




13 


8 


SI 


52 6 


40 


8.1 


■IH 


3A 


H 


12 


5 


49 


81 6 


00 


8.3 


4A 


3,', Ji 


10 

8 


2 


41 


71 5 
49 4 


16 


81 


3A 


2M 


14 


3 


36 


59 5 


93 


8.2 


3 


m ^ 


12 


6 


32 


64 6 


40 


6.1 


3A 


2'A 


11 


5 


31 


79 e 


15 


6.2 


3 


2i! N 


9 


S 


27 


41 4 


54 


6.1 


3A 1 2^ 1 ,-. 


8 


5 


25 


39 4 


12 


e.2 


3 


2/J 


^ 


e 


7 


20 


48 3 


39 


6.1 1 



STRUCTURAL DETAILS 



STANDARD GAGES AND DIMENSIONS FOR BEAMS 




u% -f. 





Nominal dimensions are: — ^flange width and "o" in eighths, web thickness 
in sixteentlis. Gages for connection angles are determined by 3^ web thicloiess. 
Standard gages may be varied if conditions require. 



Depth 

of 
Beam 


Weight 

per 

Foot 


In. 


LbB. 


27 


83.0 


24 


115.0 
110.0 
105.0 


24 


100.0 
95.0 
90.0 
85.0 
80.0 


24 


69.5 


21 


57.5 


20 


100.0 
95.0 
90.0 
85.0 
80.0 


20 


75.0 
70.0 
65.0 


18 


90.0 
85.0 
80.0 
75.0 


18 


70.0 
65.0 
60.0 
55.0 


18 


46.0 


15 


75.0 
70.0 
65.0 
60.0 


15 


65.0 
50.0 
45.0 
42.0 


15 


36.0 



Flange 
Width 



In. 



Web 
Thick- 
ness 



7H 

8 
8 
7H 

7M 
7H 
7^ 

7}4 

7 



6K 

7H 
7H 
7H 
7H 

7 

6M 

7H 
7H 

7^6 

7 

QH 
6M 
6H 
6 

6 

QH 
6 

5H 

5M 



In. 



H 

H 
Hie 

H 
H 

'A 

Hie 
% 

Hie 
%e 

y2 

Va. 
% 
»Ao 

H 
H 

«/io 

'A 

^L 

Hio 
Vs 

Hio 
Tie 

%6 



HWeb 
Thick- 
ness 



In. 



^ie 

% 

% 

y% 
% 

Me 
M 

%e 

•'/io 

%e 

S/ie 
%e 

Tie 
i^ 
Me 
Me 

^ 

Me 

Me 

Mo 

vie 

% 
H 
Me 

Mo 
Mo 

^« 



Gage 
g 



In. 



4 

4 
4 

4 
4 
4 
4 
4 



4 
4 
4 
4 
4 

4 
4 
4 

4 
4 
4 
4 



?4 
3^ 
3M 
3^ 

3% 

33^ 
3H 
33^ 
33^ 

3H 
3H 
3H 
3^ 

3H 



Grip 
P 



Distance 



In. 



IH 
IH 

% 

y% 



3^ 
/4 



i-Vie 



M 
^ 
M 






% 
% 

»A« 



In. 



213^ 

20 M 

203^ 
20 M 

20 M 
20^ 

20 M 
20 M 
20^ 



19 


2 


16 3-^ 


2 


163^ 




163^ 




16 3^ 




16 K2 




16^ 




17 




17 




17 




14 H 




14 3^ 




14 3^ 




14M 




1534 




15K 




1534 




15M 




14 


2 


11^ 




11^ 




\\% 




UH 




12H 




12^ 




12 H 




12 H 





1 11 H 



In. 



2M 

13^ 
IK 
IK 

IH 
IK 
IK 
IK 
IK 



H 

Va 



K 

Va. 
H 
H 

K 
K 
K 
K 



K 
K 
K 
K 

34 

34 



In. 



34 

^io 
Tie 

K 

Tie 
Tie 
K 

H 

K 

3^ 

Tie 

K 

K 

K 
K 
Me 

3^ 
Tie 
K 
K 

Tie 
K 
K 
Me 



K 
Tie 
Tie 
K 

K 
K 
Me 



Max. 

Rivet in 

Flange 



In. 



K 



K 



K 
K 



K 



K 



K 



K 



K 



54 



\ \V4 \ %^\ 



Vv 
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CARNEQIB STEEL COMPANY 



STANDARD GAGES AND DIMENSIONS FOR BEAMS 



'4 




1,'iit. ^ ci 

Nominal dimensions are: — ^flange width and "o" in eighths, web thickness I 

in sixteenths. Gages for connection angles are determined by H web thickness. ' 

Standard gages may be varied if conditions require. j 



Depth 


Weight 


vn 


Web 


HWeb 


/^ 


/^ " 




Distance 




Max. 


of 


per 
Foot 


rlange 


Thick- 


Thick- 


Gage 


Grip 








Rivet in 
Flange 


Beam 


Width 


ness 


ness 


g 


P 


f 





h 


In. 


Lbs. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 




55.0 


5^ 


i%e 


Tie 


33^' 


M 


9M 


IH 


H 




12 


50.0 


5H 


i^de 


% 


3>^ 


M 


9M 




Tie 


H 


45.0 


5^ 


%6 


•He 


3 


% 


9M 


1 ^ 


H 




40.0 


5M 


H 


M 


3 


% 


9H 


IH 


%e 




12 


35.0 


5H 


Tie 


M 


3 


»/ifl 


9% 


IH 


%6 


H 


31.5 


5 


^ 


%6 


3 


%6 


9H 




M 


12 


27.5 


5 


M 


% 


3 


H 


8M 


1^ 


%e 


H 




40.0 


5H 


M 


% 


2^ 


H 


8 




Tie 




10 


35.0 


5 


^ 


%fl 


2M 


M 


8 




H 


H 


30.0 


4>g 


H 


. M 


2^ 


^ 


8 




%e 




25.0 


4^ 


%6 


%6 


2M 


M 


8 




M 




10 


22.0 


4H 


M 


H 


2M 


Tie 


7H 


ifl 


%e 


H 




35.0 


4M 


^ 


^ 


2H 


^ 


7 




Tie 




9 


30.0 


4^ 


%6 


%0 


2H 


^ 


7 




H 


H 


25.0 


4H 


Tio 


%fl 


2H 


>^ 


7 




H 




21.0 


4^ 


%6 


y% 


2H 


M 


7 




%e 






25.5 


4M 


9/i6 


%6 


2^ 


H 


6M 


^ 


%e 




8 


23.0 


4^ 


%e 


>i 


2M 


%e 


6K 


% 


%e 


H 


20.5 


4M 


^ 


%6 


2)i 


Tie 


QH 


y% 


M 




18.0 


4 


M 


>^ 


2M 


Tie 


6M 


% 


%e 




8 


17.5 


4^1 


%6 


H 


2M 


Tie 


5H 


IM 


%e 


H 




20.0 


SVs 


H 


Ji 


2M 


5^ 


5K 


fl 


%e 




7 


17.5 


3M 


^ 


%6 


2>i 


V% 


5^ 


H 


% 




15.0 


SVs 


>^ 


M 


2M 


H 


5M 


. ^ 


%e 






17.25 


SVs 


H 


M 


2 


% 


4H 


5i 


%e 




6 


14.75 


3H 


^ 


9ie 


2 


Vs 


4H 


5<C 


M 


H 




12.25 


SH 


M 


3^ 


2 


Vs 


4^ 


Ya, 


%e 






14.75 


SVs 


H 


M 


154 


% 


3H 


H 


%e 




5 


12.25 


SVa 


H 


%e 


1^ 


Vs 


3H 


Ya 


Ji 


H 




9.75 


3 


M 


3^ 


1^ 


Vs 


3H 


Ya 


%e 






10.5 


2H 


Tie 


^ 


IH 


•^ie 


21^ 


H 


M 


• 


4 


9.5 


2% 


^^ 


9ie 


IH 


•^e 


2M 


% 


M 


H 


8.5 


2H 


M 


^ 


IH 


%6 


2M 


^ 


fie 




7.5 


2% 


%6 


H 


IH 


•He 


25i 


% 


%e 






7.5 


2H 


% 


%6 


IH 


•^e 


15€ 


Ys 


K 




3 


6.5 


2^ 


Ya, 


y% 


13^ 


^ie 


l^ • 


H 


%6 


H 


/ 


6.6 1 


2%. 


%6 


H 


IH 


•^tt 


1?4 


H 


H 





232 



STRUCTURAL DETAILS 



STANDARD GAGES AND DIMENSIONS FOR CHANNELS 



^q^ 







Nominal dimensions are: — flange width and "o" in eighths, web thickness 
in sixteenths. Gages for connection angles are determined by ^ web thickness. 
Standard gages may be varied if conditions require. 
Gages for channels m riveted channel columns are given on pages 285 to 296. 



Depth 
of 


Weight 
Frot 


Flange 


Web 
Thick- 


HWeb 
Thick- 


Gage 


Grip 


Distance 


Max. 
Rivpt in 


Channel 


Width 


ness 


ness 


g 


P 


f 





h 


Flange 


In. 


Lbs. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 


In. 




55.0 


3% 


1^6 


He 


23^ 


Hie 


12 M 


IK 


K 






50.0 


3M 


^ 


% 


2H 


Hie 


12 >i 


IK 


^e 




15 


45.0 


3^ 


^^ 


He 


2 


K 


12 K 


IK 


iHe 


K 


40.0 


3K 


H 


M 


2 


K 


12 K 


IK 


He 




35.0 


SH 


%6 


^ 


2 


K 


1234 


IK 


K 






33.0 


3^ 


He 


He 


2 


K 


12 K 


IK 


3^ 






60.0 


4H 


1%6 


^ 


3 


He 


1034 


IK 


He 






45.0 


4M 


1^46 


He 


2% 


He 


10 K 


IK 


K 




13 


40.0 


4M 


%6 


He 


2M 


He 


lOK 


IK 


!^ 


K 


37.0 


43^ 


^ 


M 


2M 


He 


10 K 


IK 


He 




35.0 


43^ 


He 


^ 


23^ 


Ho 


lOM 


IK 


He 






32.0 


4 


^ 


He 


23^ 


Ho 


10 K 


IK 


K 






40.0 


3H 


iJ< 


H 


2 


K 


10 


1 


iHe 






35.0 


3^ 


H 


He 


2 


K 


10 


1 


"ie 




12 


30.0. 


SH- 


H 


M 


15< 


3^ 


10 


1 


He 


K 




25.0 


syi 


H 


He 


IM 


K 


10 


1 


He 






20.5 


.3 


%6 


3^ 


IM 


K 


10 


1 


K 






35.0 


3M 


1446 


He 


IM 


K 


8K 


K 


K 






30.0 


SH 


1^6 


% 


1^ 


3^ 


834 


K 


K 




10 


25.0 


2K 


M 


Ya. 


1^ 


K 


834 


K 


He 


^ 




20.0 


2H 


!^ 


He 


IH 


He 


8K 


K 


Ho 






15.0 


2H 


M 


>^ 


13^ 


Ho 


834 


K 


He 






25.0 


2K 


^ 


Ho 


IK 


K 


734 


K 


Hie 




Q 


20.0 


2% 


Ho 


M 


13^ 


3-^ 


7K 


K 


K 


% 


«7 


15.0 


2H 


%6 


HPe 


IK 


Ho 


7K 


K 


K 




13.25 


2H 


M 


H 


IK 


He 


7M 


K 


Ho 






21.25 


2% 


^ 


He 


13^ 


Ho 


634 


K 


Hie 






18.75 


2H 


H 


M 


IM 


He 


6M 


K 


Ho 




8 


16.25 


2M 


Tie 


He 


13^ 


Ho 


634 


K 


K 


H 




13.75 


2^ 


%6 


He 


IK 


K 


6K 


K 


K 






11.25 


2M 


M 


Ks 


IK 


K 


6K 


K 


He 






19.75 


2H 


^ 


He 


13^ 


Ho 


6K 


K 


i-He 






17.25 


2H 


H 


M 


IH 


Ho 


5K 


K 


He 




7 


14.75 


2% 


Ho 


M 


134 


Ho 


53^ 


K 


K 


K 




12.25 


2M 


%6 


He 


134 


K 


53^ 


K 


K 






9.75 


2M 


M 


3^ 


l>4 


K 


53^ 


K 


He 






16.5 


2M 


%e 


He 


IK 


K 


4K 


54 


K 




A 


13.0 


2M 


Ho 


M 


IK 


K 


4K 


K 


K 


K 


\J 


10.5 


2H 


%o 


He 


IK 


K 


4K 


K 


K 




8.0 


2 


%o 


H 


IK 


He 


43^ 


K 


M 






11.5 


23^ 


H 


M 


IK 


He 


3M 


K 


He 




5 . 


9.0 


IK 


5/io 


Ho 


IK 


Ho 


3K 


K 


K 


K 




6.5 


1^ 


%0 


3^ 


IK 


Hq 


3K 


K 


M 






7.25 


IM 


Ho 


He 


1 


He 


2K 


K 


K 




4 


6.25 


1^ 


H 


3^ 


1 


He , 


2M 


K 


He 


K 




5.25 


1^ 


He 


3^ 


1 


He 


2K 


K 


M 






6.0 


1^ 


^ 


He 


K 


K 


Wx 


K 


Ho 




3 


5.0 


IH 


M 


3^ 


K 


M ' 


IH 


% 


, %^ 


\^ 




4.0 


IH 


Ha 


y% 


K 


K 


iy4 


^ % 


\ y^. 
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CARNEQIE STEEL COMPANY 



BEAM CONNECTIONS 





lO; 9; 8' 



4; 3* 



i^ ^_i -GiB- — ^O 



3L*fix4'x^x<U 






STRUCTURAL DETAILS 



BEAM CONNECTIONS— Concluded 



Limiting Values of Beam Connections 







Value of 

Web 

Connection 


Values of Outstanding Legs of Connection Angles 


I Beams 


Field Rivets 


Field Bolts 




Depth, 
Inches 


Weight 
Pounds 

Foot 


Shop Rivets 

in Enclosed 

Bearing, 

Pounds 


M" Rivets or 

Turned Bolts, 

Single Shear, 

Pounds 


Minimum 

Allowable 

Span in Feet, 

Uniform Load 


t, 
In. 


Rough Bolts, 

Single Shear, 

Pounds 


Minimum 

Allowable 

Span in Feet, 

Uniform Load 


t, 
In. 


27 


83 


66800 


61900 


18.4 


Vb 


49500 


23.1 


Vb 


24 


80 
69H 


67500 
52700 


53000 
53000 


17.5 
16.3 




42400 
42400 


21.9 
20.2 


Vb 


21 


57H 


40200 


44200 


15.5 


A 


35300 


17.6 


Vb 


20 


65 


45000 


35300 


17.6 


% 


28300 


22.1 


Vb 


18 


55 

46 


41400 
29000 


35300 
35300 


13.3 
15.0 


'A 


28300 
28300 


16.7 
15.4 


Vb 


16 


42 

36 


36900 
26000 


35300 
35300 


8.9 
11.1 


7 
16 


28300 
28300 


11.1 
11.1 


1% 


12 


31H 
27M 


23600 
17200 


26500 
26500 


8.1 
10.3 


9 
Ifl 

7 
16 


21200 
21200 


9.0 
10.3 


14 


10 


25 
22 


27900 
20900 


17700 
17700 


7.4 
6.9 


Vb 
'A 


14100 
14100 


9.2 
8.6 


Vb 
Vb 


9 


21 


26100 


17700 


5.7 


Vs 


14100 


7.1 


Vb 


8 


18 
17M 


24300. 
18900 


17700 
17700 


4.3 

4.4 




14100 
14100 


5.4 
5.5 


Vb 
Vb 


7 


15 


11300 


8800 


6.2 


Vs 


7100 


7.8 


% 


6 


12K 


10400 


8800 


4.4 


% 


7100 


5.5 


Vb 


5 


9H 


9500 


8800 


2.9 


Vb 


7100 


3.6 


H 


4 


7^ 


8600 


8800 


2.2 


9 
18 


7100 


2.7 


Vb 


3 


5H 


7700 


8800 


1.3 


H 


7100 


1.4 


Vb 



Allowable Unit Stress in Pounds per Square Inch 



Single 
Shear 



Rivets Shop 12000 

Rivets and Turned Bolts. . .Field 10000 
Rough Bolts Field 8000 



Bearing 



Rivets— enclosed Shop 30000 

Rivets— one side Shop 24000 

Rivets and Turned Bolts. Field 20000 
Rough Bolts Field 16000 



t=Web thickness, in bearing, to develop max. allowable reactions, when beams frame opposite. 

Connections are figured for bearing and shear (no moment considered). 

The above values agree with tests made on beams under ordinary conditions of use. 

Where web is enclosed between connection angles (enclosed bearing), values are greater because 
of the increased efficiency due to friction and grip. 

Special connections shall be used when any of the limiting conditions given above are exceeded — 
0uch as end reaction from loaded beam being greater than value of connection; (dioctcx ^vo^ ^SiCci 
beam fully loaded; or a less thickness of web when maximum aWo^&XAe leeycWoiA «c« xven^. 
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CAKNEOIE STEEL COMPANV 



BEAM SEPARATORS 



Ban 




f'Solu 








1 
1 


-^ 


S|1 -i 


DhuDun 


-te 


1 
j 


jHI 




5l 


11 


,: 


i 


d 


Id 


1 
1 


1* 

, 5 


i 




Dii«Dn 


24 


IIS-llO-lOG 


8« 


mi 


S 


20" 


12~ 


S3 


3.6 


lOH 


3.4 


11.35 










if>y. 








n'zs 




10 


3,2 


1,25 




24 


06 and 90 




iW. 


7^ 





12 


Sas 


3!< 




3,2 








(tS 




15>i 


IVi 






»1 




3,( 


9H 


3.1 












IS 


7H 






^ 


JM 




B>i 


3,1 














7 










2.9 












■1 


20 


BO 


7H 




B»i 


IH 


12 


i 




2,9 


9H 












8fi Bn<l HO 


7ii 


UJi 


eji 


la 


12 




2.e 




3.0 




Si 


p 




ao 


70 


r 


13>S 


6> 


s 


12 


1 


i? 


2.S 

2.; 


i 


IS 


11 


^ 


'fit 






OS 




ISM 




Id 








SM 


3:0 




f. 




i 






8 


15W 




14 


9 






2.S 


10 




,26 


,M 




S5 and 80 


8 


IGii 


a 


14 





^ 


! 


2.6 


10 












75 




15 


U 








10 


3:2 






H 






70 0.011 6fi 


7 


13>i 


»K 







^ 




S.6 





3.0 


,25 






la 




7 


13M 


al5 


14 


9 


1! 




IS 


3,0 






n 






55 


7 


13 


:>* 


14 




»^ 




2:6 


3,0 


,25 


j 


^ 






76 


7 


13M 


8 




TA'A 






9 


3.0 










" 


S) 


7 
6H 


iiw 


ss 


}} 






1:6 


i 




ill 


Sk 


—- — • 








I2Ji 


jM 




7H'M 






8 




,22 


^■'CondHDlai 


1G 






lli)i 






7HH 






8 




.25 
















7^" 






8 








. 


6S 







Sli 




5 


.1 






S 




,25 








im 


i)i 










S 




.25 






45 




nM 




l^. 


6 








7H 








13 


40 and 36 





ii). 


M 


5 








7H 














11 


8*4 


fi 


j 






7M 












BV^ 


io« 


4K 


7^ 




A 






7M 




?T? 




,. 


■id 


BH 




4*4 


73-. 










7 




'.13 




30 


S3 


loh 


i 


a 




% 






T 




;i3 


'3{«" iitf" 






& 






QH 




^ 










.13 


TTii n 




30 


6 
5 


H 


(■s 


S4 




)• 


: 


oii 


i 






;r*« 














21 


fi 


9}. 


uH 








oij 




'.\Z 


^ 


-f 


1 


B 


^2^ 


t^. 


i« 


4 




> 






:!3 


^' 


fi 






20.6 and 1<4 


iy. 


a 


1 

4 
4 1 


6H 




■ 


0.S 
0,7 

8:? 


6 




J. 13 

S3 

S.13 


w 






7 


L^-^. 




fl 


uA 


4 


11 li ;-! " 1 ' 


|3| X" Coral Hota 




Tory.t u 


id3 


bwD 






..» 


P« 


J!- 


4". 


"»nd 


i%' 


i™< 


»i«Ai 


nljr. 





STRUCTURAL DETAILS 



TIE RODS AND ANCHORS 



AMSBICAN BRIDGB COlfPAMT STANDARD 



jt - ,»#. 



2H5qlMu%tol%' 

I L ic. to c. of 

I rn I Deams. 




3 



% INCH TIE RODS 



ill ■ 



LSNGTHB AND WsiOHTS FOR VARIOUS DISTANCES C. TO C. OF BSAlfS 

Weights include two Nuts 



C.toC. 


Length 


Weight 


C.toC. 


Length 


Weight 


C.toC. 


Length 


Weight 


CtoC. 


Length 


Weight 


Ft.-In. 


Ft.-In. 


PoimdB 


Pt.-In. 


Ft.'In. 


Pounds 


Ft.-In. 


Ft.-In. 


Poundfl 


Ft.-In. 


Ft.-In. 


Pounds 


1-0 


1-3 


2.30 


1-3 


1-6 


2.67 


1-6 


1-9 


3.06 


1-9 


2-0 


3.42 


2-0 


2-3 


3.80 


2-3 


2-6 


4.17 


2-6 


2-9 


4.66 


2-9 


3-0 


4.92 


3-0 


3-3 


6.30 


3-3 


3-6 


6.67 


3-6 


3-9 


6.06 


3-9 


4-0 


6.42 


4-0 


4-3 


6.80 


4-3 


4-6 


7.17 


4-6 


4-9 


7.65 


4-9 


5-0 


7.92 


6-0 


6-3 


8.30 


6-3 


5-6 


8.67 


6-6 


5-9 


9.06 


6-9 


6-0 


9.42 


6-0 


6-3 


9.80 


6-3 


6-6 


10.17 


6-6 


6-9 


10.56 


6-9 


7-0 


10.92 


7-0 


7-3 


11.30 


7-3 


7-6 


11.67 


7-6 


7-9 


12.05 


7-9 


8-0 


12.42 


8-0 


8-3 


12.80 


8-3 


8-6 


13.17 


8-6 


.8-9 


13.56 


8-9 


9-0 


13.92 



1^ 



SwKDOB Bolt 



ANCHORS 



cl:;^ 



o::x] 



Weight includes Nut 



Diameter 


Length 


Weight 


Inches 


Feet -Inches 


Pounds 


1 

IM 


0-9 
1-0 
1-0 
1-3 


1.3 
2.3 
3.1 
6.1 



GoYSRNifSNT Anchor 




M" Rod 1' 9" long. Wt., 3 lbs. 



BniLT-lN Anchor Bolts 



Angls Anchor 




6"x %"x r 
Plates 



When center to center of anchors is less than 
widtii of washer, use washer with two holes. 




2 Angles 6" x 4" xTie" x 0' 2H" 
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CARNEGIE STEEL COMPANY 

BEARING PLATES 

The eile and tbicknesa of ateel bearing plates depend on the end 

reaction, length of bearing, and unit pressure. The following tablfl 

gives sizes for beams of usual spans, the allowable safe loads in thousanda 

of pounds and the span of beams giving equivalent end reactions. 

Standard Bkarinu PiuItes 



BDUn 


i 


Bmju 


I'l 






lim i ^'^ 




KairiBi! Plata 




°!r 




|l 


■£' 


Wt., 




BHim, 


Deplh, 


hhs'. 


^1 


»r 


St 


B 


r' 






^ 














































































































































































































































fl 




AUowab 






for 


tai 


d. 




amsn 


map 


ply 


alBO to 


BupplemenMry 



id uther b«am8 rat equal depth and end reactions. 
Plates of special sizes may be taken from the table of projection 
coefficients given below, calculated from the following formula. Let 
A =!engt]i o! bearing plate, in inches. 
B =widtli ol baariog plate. In Inches, 
t =tliickness o[ bearing plate, in Inches, 
b =atinge width of beam. In inches. 
R =rBactian on bearing plate. In pounds. 
w ^K-t-AxB, allowable unit pressure on masonry. 

""; BIB— b) = 4^. or when 1=18000, 
rmula tor rolled steel slabs, page 263. 
Rule:— Take from table on opposite page the proper size bearing plate 
for the reaction and unit pressure. Multiply the width of the plate by the 
width minus the widthof the beamflangeandselect from the table below 
the tliicknees corresponding to the value for the given unit pressure. 
Projection Cobfpicibnts 




^Unit 


Thickness gF Saaiag PhUs. io Inchu 


^■^ 


M 


M 


M 


H 


u 


1 


IK 


IM 


m 


i-H 


.H 


m 


.«|« 
























7r„ 








































































































































































































































































' 


5 


IS 


3 




s| ao 


41 


fid 


«H 


«3 


101 


no 


141 


itU 


188| 213 



ftPR.1 S-1M8 



RIVETS AND f 



STRESSES IN RIVETS AND PINS 

UiM*. In tranHmittiDg atrcasea between riveted plecea, it 
customary to disregard friction and to proportion rivets to the entire 
BtresH to be transmittud. They must be of sufficient size and number 
to reMiaf. shear and to afford such bearing area ils not to cause distor- 
tion of tlie metal at the rivet holes. In the ease of beams which frame 
opposite and of single web girders, this latter condition often nece 
tates a greater thickness of web than required by the shearing atressos. 
In a plate girder with ?ia" web, |^" rivets oomiecting the web w 
the flange angles would have a bearing value at 24,000 pounds imit 
stress of 5,630 pouode per rivet, while their value in double shear at 
12,000 pounds unit stress is 10,600 pounds per rivet; and it might be 
necessary to increase the web thickness to W' '"' more in order that 
the pressure of the rivets upon the metal be not excessive, 

Fini, Pins must be calculated for shearing, bending and bearing 
Btressee, but one of the latter two will in niosfc cases determine the 
size. Wheu groups of bars arc connected to the same pin, as in 
lower chord of truss bridges, Ihe size of the bars must be so cho 
•and the bars so placed that at no point on the pin will there be any 
excessive bending stress. When the size of pin has been determined 
from the bending stress, the thickness of the bars or web of the post 
should be investigated to provide sufficient bearing area, tiie bars 
being thickened or pin plates added if necessary. 

The following is the formula for flexure applied to pins: 
M=' f IT d" * 32 or =f A d -^ S, in which M = moment of forces 
for any section through pin, f^fibcr stress per square inch i 
bending, A = the area of section, d = diaroeter, a- =3.14159. The 
to act in a plane passing through the axis of the 




s Co carry a load at 
:4,000 pounds liber 
1 puintB of Eupport 



EnuptB I. — A pin. Bee flgure. 
04,000 pounds; reiiulred tbe size at 
stress. asKUnilng tlie distance butwi 

Bending mameQt=e4,00D x .'i -i- 4= 
use a 3ij Inch pin; ulluwsd moment: I 

ExiapLE 2. — Req 111 cod the tliic 
top cliord ot a bridge to give sulUderil 

an aUowod beorlDg presBiu^e of 24,00 

Tlie bearing value o[ & 35| Inch pin tor 1 Inch thickness 
of meCsJ Is Sl.OOO pounds; therefore, the thjcknes 
re(iulrfid= 121, 400 + 81,000=1 H Inch, or each web of the 
chord niuat beSi Inch thick, including p\o ?\a.\' 



CARNBQIE STEEL COMPANY 



RIVETS 
Shearing and Bearing Values 

Values in Pounds, all Dimensions in Inches 



% INCH RIVETS— Area .1104 Square Inch 



u 


Unit, Lbs. per Sq. In. 


7000 


8000 


9000 


10000 


11000 


12000 


1 


Single Shear per Rivet 


770 


880 


990 


1100 


1210 


1320 




Double Shear per Rivet 


1540 


1760 


1980 


2200 


2420 


2640 




Unit, Lbe. per Sq. In. 


14000 


16000 


18000 


20000 


22000 


24000 


ffi 


J 

1—1 

a 

C 


H 
H 


660 

980 

1310 


750 
1130 
1500 


840 
1270 
1690 


940 
1410 
1880 


1030 
1550 
2060 


1130 
1690 
2250 




A 
H 


1640 
1910 


1880 
2250 


2110 
2530 


2340 
2810 


2580 
3090 


2810 
3380 



y2 INCH RIVETS— Area .1963 Square Inch 



1 


Unit, Lbe. per Sq. In. 


7000 


8000 


9000 


10000 


11000 


12000 


Single Shear per Rivet 


1370 


1570 


1770 


1960 


2160 


2360 




Double Shear per Rivet 


2750 


3140 


3530 


3930 


4320 


4710 




Unit, Lbe. per Sq. In. 


14000 


16000 


18000 


20000 


22000 


24000 


« 


J 

.s 
-J 


H 
A 

H 


1310 
1750 
2190 
2630 


1500 
2000 
2500 
3000 


1690 
2250 
2810 
3380 


1880 
2500 
3130 
3750 


2060 
2760 
3440 
4130 


2250 
8000 
3750 
4500 




A 
H 


3060 
3500 


3500 
4000 


3940 
4500 


4380 
5000 


4810 
5500 


5250 
6000 



% INCH RIVETS— Area .3068 Square Inch 



1 


Unit, Lbe. per Sq. In. 


7000 


8000 


9000 


10000 


11000 


12000 


Single Shear per Rivet 


2150 


2450 


2760 


3070 


3370 


3680 




Double Shear per Rivet 


4300 


4910 


5520. 


6140 


6750 


7360 




Unit, Lbe. per Sq. In. 


14000 


16000 


18000 


20000 


22000 


24000 


UD 


S 

.a 
8 
1 


H 
Vs 


1640 
2190 
2730 
3280 
3830 


1880 
2500 
3130 
3750 
4380 


2110 
2810 
3520 
4220 
4920 


2340 
3130 
3910 
4690 
5470 


2580 
3440 
4300 
5160 
6020 


2810 
3750 
4690 
5630 
6560 




Vs 


4380 
4920 
5470 


5000 
5630 
6250 


5630 
6330 
7040 


6250 
7030 
7810 


6880 
7730 
8590 


7500 
8440 
9380 



Values below dotted linee are greater than double shear. 
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RIVETS AND PINS 



RIVETS 






Shbarino and Bbabino Values 












?i INCH EIVETS-Area -4418 Square Inch 


1 


Ui>it,Lte.[»rS<i.In 


7000 


8000 


11000 


loono 


1 1000 


12000 


SinxIsBhtupcrBivel 








4420 




630O 




8190 


7070 


7U50 


20000 


07 20 


-11^- 




UBit,Llft[»rSq.IiL 


llOMi 


leoOO 


IBOOO 


22000 




1 


K 


2630 


3000 


3330 


3750 


4130 


4600 


FT 


A 




3750 














M 


3940 




fioao 


5630 


6190 


6750 
















7220 
























g 


A 


6B10 


6750 


7590 






10130 








7600 


MiO 








T^lNCK RIVETS— Arfa-«0l3Squarelncli 


1 


rnit,Ll».pe8q.Id. 


7000 


6000 ; UOUO 


lOOOO 


UOOO 


12000 






4810 


5410 

iosio 


6010 
13030"' 


_8aio_ 


?2ao 


Do«bl«SbacpfflRivrt 


M420 


aeao 




Unit. Lbs. pffSq.ln. 




10000 


18000 


20000 


22000 


24000 




s ^ 


3060 


3500 


3940 


4380 


4810 


5250 




1 


A 












65 BO 


1 


K 


4SB0 


5250 


6B1D 


BBOO 


7220 








saao 


















7000 


7880 


8760 


9630 


10500 








7880 


8860 


Q840 


10S30 






g 


« 


7060 


S750 


B840 








U 






10B30 


12030 


13230 


14430 


1 INCH BrVKTS— Ap™ -Tsr,4 Scmare In 






1 


tJdt.Lbi. perSq.lii. 


7000 


:£'•; -'■" ^"'' 


2^000 
5500 


12000 
0420 
18850 


^^ 


eSharperltiviH 


5500 


IsShnrpuRive 


^iim~ 


U>dt,Lh..]»rSq.U 




H 


3500 


4000 


4500 


5000 








4380 












■f 


1 














9000 


.Ti 


6130 


7000 


7880 






























A 






10130 


11260 


12380 










8750 


10000 












i 


Jl 






1238D 






16500 




._ .. «. 


10600 


12000 


13500 


15000 










ISOOO 










■ 


>liia 
■lua 


«boVB Binier dot 
belMlowtniott. 


idliiH&te 


Imtlun 


ta.'i 









Bbarimo Values m Pounds os Metal One Inch Thick 

BaorliiB Vttlue=Diamel«r of Pin x Bearing atreaa per Square Inch 



Ciuuitar. 


fe 


laooo 


15000 


20000 


2™ 


34000 


ii 


.785 
21405 


12000 
21000 


26300 


ii 


33000 
38500 


3OOO0 
36000 


ii 


3.142 
5.940 


33000 


37500 
41300 


50000 
56000 


II 


54000 


li 


81296 
3,621 


43000 


48HO0 
52500 


70000 


71500 
77000 


72000 


k 


15.004 


BiOOO 
54000 


s 


85000 


88000 


B6000 
114000 


5 

i 


19,835 
23! 758 


00000 


78800 


100000 
105000 


110000 
126500 


120000 
138000 


en 


28,274 
35>85 


SIOOO 


00000 
101300 


120000 
136000 


iSo 


158000 


11 


44!iTa 
47.173 


s 


112500 
116300 


155000 


Jtosm 


IS 


li 


II 


epooo 


123800 
127500 


170000 


ill 


IS 


II 


II 


108000 


135000 


180000 


19S00O 
214500 


216000 
234000 


10 j| 


78,540 


129000 


150000 
101300 


215000 


220000 
236500 


258000 


J 


S5.033 
108:434 


138000 


172500 


235000 
240000 


11 


IS 



RIVBT8 AND PINS 







PINS 








BeNDiNQ Moments In Inch Pounds 




Banding Momen 


t=(DlBinBtor ct Pin)' x 0.09817G x Stress per Squa 


re loch 


He 


Flbei Strrae n Poiu] la i^Lr Square In b 


CuunotH. 
India 


Am 
B<i In. 


1.00O ,»oo .-moo 


>UOQ 


22 00 24,«0j 2.000 


ii 


2405 


290o' tVK 
7900 9501 


1050< 


2.00 
IIBOO 


uwt 


1260<: 


13200 


11 


4900 


IE 


36801 


fl 


J3700 
44900 


t450£ 


2680C 

aoioc 


2HOO0 
1M3O0 


i" 


7D6B 
8 296 

11 045 


S 


76S0( 


6740( 
8420C 


0/OOt 


7'iROt 


s 


84100 
106200 


Ii 


12 566 
17 721 


B4200 


ldj70( 


150^01 


IS 


I4U00 
IfiHfiOC 


isoior 

25250( 


188400 
223700 


11 


25 967 


184100 
280000 


22090C 


24S40f 
37130( 


27O00t 
410000 


2~filOC 
419S0( 


20450t 
447901 


306800 
356200 


!i 


ii 


404400 
4S2B0O 


2|I70O 
4S'>100 


eojuot 


664300 


47710C 


50890C 

64-101 
724G00 


530100 
754800 


ii 


*4 1~9 


5B120C 


fi-^40( 
M__t00 


t2S4(K 


82-3100 

!iii20(; 


S41'»0t 
OJ1900 
1028200 


897901 
994O0C 


841800 


k 


|Si 


754000 
826900 


tmvx) 


lln]^0( 


1212800 


ii3ioon.i20B4oo 

124O400l 132(001 


1507300 


k 


S"' 




„ 


;?S 


10 


ii 


i!-: ,1 


2.OhUU0,23j620Q 
2378800 2537400 


2454400 
2643100 


!i 


Ilk 








4100 


2e4niot 


J36480t 


J73Z80D 



CARNEOIB STEEL COMPANY 



ANGLES 

Allowable Tension Values in Thousands op Pounds 
Maximum Fiber Stress, 16000 Pounds per Square Inch 



Sise, 
Inches 



8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

6 
6 
6 
6 
6 
6 
6 
6 
6 



X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 



6x 
6x 
6x 
6x 
6x 
6x 
6x 
6x 
6x 



8 
8 
8 
8 
8 
8 
8 
8 
8 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

6 
6 
6 
6 
6 
6 
6 
6 
6 

4 
4 
4 
4 
4 
4 
4 
4 
4 




5 X 
5x 
5x 



3 
3 
3 
3 



Thick- 
ness, 
Inches 









U 
H 

! 

Ji 

% 



% 
P. 

H 

5 



Weight 

per Foot, 

Pounds 



51.0 
48.1 
45.0 
42.0 
38.0 
35.8 
32.7 
29.6 
26.4 

44.2 
41.7 
39.1 
36.5 
33.8 
31.2 
28.5 
25.7 
23.0 
20.2 

33.1 
31.0 
28.7 
26.5 
24.2 
21.9 
19.6 
17.2 
14.9 

27.2 
25.4 
23.6 
21.8 
20.0 
18.1 
16.2 
14.3 
12.3 

16.8 
15.2 
13.6 
12.0 
10.4 
8.7 

12.8 

11.3 

9.8 

8.2 



Area, 
Inches 2 



15.00 

14.12 

13.23 

12.34 

11.44 

10.53 

9.61 

8.68 

7.75 

13.00 

12.26 

11.48 

10.72 

9.94 

9.15 

8.36 

7.56 

6.75 

5.93 

9.73 
9.09, 
8.44 
7.78 
7.11 
6.43 
5.75 
5.06 
4.36 

7.98 
7.47 
6.94 
6.40 
5.86 
5.31 
4.75 
4.18 
3.61 



Net Areas and Stresses — ^Two Holes Deducted 



% Inch Rivets 



Area, 
Inches 2 



4.92 
4.47 
.00 
.53 
.05 
.56 



4. 
3. 
3. 
2. 



3.75 
3.31 
2.86 
2.40 



13.00 

12.24 

11.48 

10.72 

9.94 

9.16 

8.36 

7.55 

6.75 

11.00 
10.37 
9.73 
9.10 
8.44 
7.78 
7.11 
6.43 
5.75 
5.05 

7.98 
7.47 
6.94 
6.41 
5.86 
5.30 
4.75 
4.18 
3.61 



Stress 



6.23 
5.85 
44 
03 
61 
18 
75 
30 
86 



3.67 
3.34 
3.00 
2.65 
2.30 
1.93 

2.75 
2.43 
2.11 
1.77 



208.0 
195.8 
183.7 
171.5 
159.0 
146.6 
133.8 
120.8 
108.0 

176.0 
165.9 
155.7 
145.6 
135.0 
124.5 
113.8 
102.9 
92.0 
80.8 

127.7 

119.5 

111.0 

102.6 

93.8 

84.8 

76.0 

66.9 

57.8 

99.7 
93.6 
87.0 
80.5 
73.8 
66.9 
60.0 
52.8 
45.8 

58.7 
53.4 
48.0 
42.4 
36.8 
30.9 

44.0 
38.9 
33.8 
28.3 



% Inch Kvets 



Area, 
Inches 2 



13.25 

12.48 

11.70 

10.92 

10.13 

9.33 

8.52 

7.70 

6.87 

11.25 
10.61 
9.95 
9.30 
8.63 
7.95 
7.27 
6.58 
5.87 
5.16 

8.20 
7.67 
7.13 
6.58 
6.02 
5.45 
4.87 
4.29 
3.70 

6.45 
6.05 
5.63 
20 

77 
33 
87 
41 



Stress 



5 
4 
4 
3 
3 
2.95 



3.83 
3.49 
3.12 
2.76 
2.39 
2.01 

2.87 
2.54 
2.20 
1.85 



212.0 
199.7 
187.2 
174.7 
162.1 
149.3 
136.3 
123.2 
109.9 

180.0 
169.8 
159.2 
148.8 
138.1 
127.2 
116.3 
105.3 
93.9 
82.6 

131.2 

122.7 

114.1 

105.3 

96.3 

87.2 

77.9 

68.6 

59.2 

103.2 
96.8 
90.1 
83.2 
76.3 
69.3 
61.9 
54.6 
47.2 

61.3 
55.8 
49.9 
44.2 
38.2 
32.2 

45.9 
40.6 
35.2 
29.6 



^ Inch Rivets 



Area, 
Inches > 



8.67 
7.84 
7.00 



7.42 
6.72 
6.00 
6.27 



6.17 
6.59 
6.00 
4.40 
3.80 



4.92 
4.47 
4.00 
3.52 
3.06 



Stress 



138.7 
125.4 
112.0 



118.7 

107.5 

96.0 

84.3 



98.7 
89.4 
80.0 
70.4 
60.8 



78.7 
71.5 
64.0 
56.3 
48.8 



3.98 


63.7 


3.63 


58.1 


3.26 


52.0 


2.87 


45.9 


2.49 


39.8 


2.09 


33.4 


3.00 


48.0 


2.66 


42.4 


2.30 


36.8 


1.93 


30.9 
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TENSION VALUES 



ANGLES 

LLOWABLB TENSION VALUES IN THOUSANDS OP PoUNDS 
Maximum Fiber Stress, 16000 Pounds per Square Inch 



Thick- 
ness, 
Inches 


Weight 

per Foot, 

Pounds 


Area, 
Inches 2 


Net Areas and Streesei 


1— One Hole Deducted 


Ji Inch Rivets 


H Iiich Rivets 


fi Inch Rivets 


Area, 
Inches 2 


Stress 


Area, 
Inches > 


Stress 


Area, 
Inches 9 


Stress 


Ji 


33.1 


9.73 


8.86 


141.6 


8.96 


143.4 






\i 


31.0 


0.09 


8.28 


132.5 


8.38 


134.1 






H 


28.7 


8.44 


7.69 


123.0 


7.78 


124.6 






n 


26.6 


7.78 


7.09 


113.4 


7.18 


114.9 






H 


24.2 


7.11 


6.48 


103.7 


6.66 


106.0 


6.64 


106.2 


A 


21.9 


6.43 


6.87 


93.9 


6.94 


96.0 


6.01 


96.2 


H 


19.6 


6.76 


6.26 


84.0 


6.31 


86.0 


6.37 


86.9 


A 


17.2 


6.06 


4.62 


73.9 


4.68 


74.9 


4.73 


75.7 


H 


14.9 


4.36 


3.98 


63.7 


4.03 


64.6 


4.08 


66.3 


% 


27.2 


7.98 


7.10 


113.6 


7.21 


116.4 






H 


25.4 


7.47 


6.66 


106.6 


6.76 


108.2 






H 


23.6 


6.94 


6.19 


99.0 


6.28 


100.6 






U 


21.8 


6.40 


6.71 


91.4 


6.80 


92.8 






'A 


20.0 


6.86 


6.23 


83.7 


6.31 


86.0 


6.39 


86.2 


A 


18.1 


6.31 


4.76 


76.0 


4.82 


77.1 


4.89 


78.2 


H 


16.2 


4.76 


4.26 


68.0 


4.31 


69.0 


4.37 


69.9 


A 


14.3 


4.18 


3.74 


69.8 


3.80 


60.8 


3.86 


61.6 


H 


12.3 


3.61 


3.23 


61.7 


3.28 


62.5 


3.33 


63.3 


H 


16.8 


4.92 


4.29 


68.6 


4.37 


69.9 


4.45 


71.2 


A 


15.2 


4.47 


3.91 


62.6 


3.98 


63.7 


4.06 


64.8 


^ 


13.6 


4.00 


3.60 


66.0 


3.56 


57.0 


3.62 


67.9 


i\ 


12.0 


3.53 


3.09 


49.4 


3.15 


60.4 


3.20 


51.2 


H 


10.4 


3.05 


2.67 


42.7 


2.72 


43.6 


2.77 


44.3 


A 


8.7 


2.56 


2.25 


36.0 


2.29 


36.6 


2.33 


37.3 


^ 


16.7 


4.61 


3.98 


63.7 


4.06 


65.0 


4.14 


66.2 


A 


14.3 


4.18 


3.62 


67.9 


3.69 


59.0 


3.76 


60.2 


H 


12.8 


3.76 


3.25 


62.0 


3.31 


53.0 


3.37 


63.9 


A 


11.3 


3.31 


2.87 


46.9 


2.93 


46.9 


2.98 


47.7 


H 


9.8 


2.86 


2.48 


39.7 


2.53 


40.5 


2.68 


41.3 


A 


8.2 


2.40 


2.09 


33.4 


2.13 


34.1 


2.17 


34.7 


'A 


15.7 


4.61 


3.98 


63.7 


4.06 


66.0 


4.14 


66.2 


A 


14.3 


4.18 


3.62 


67.9 


3.69 


69.0 


3.76 


60.2 


H 


12.8 


3.75 


3.26 


62.0 


3.31 


63.0 


3.37 


63.9 


A 


11.3 


3.31 


2.87 


45.9 


2.93 


46.9 


2.98 


47.7 


H 


9.8 


2.86 


2.48 


39.7 


2.63 


40.5 


2.58 


41.3 


A 


8.2 


2.40 


2.09 


33.4 


2.13 


34.1 


2.17 


34.7 


M 


6.6 


1.94 


1.69 


27.0 


1.72 


27.6 


1.75 


28.0 


>4 


11.1 


3.^6 


2.76 


44.0 


2.81 


46.0 


2.87 


46.9 


A 


9.8 


2.87 


2.43 


38.9 


2.49 


39.8 


2.54 


40.6 


H 


8.6 


2.48 


2.10 


33.6 


2.16 


34.4 


2.20 


36.2 


A 


7.2 


2.09 


1.78 


28.5 


1.82 


29.1 


1.86 


29.8 


M 


6.8 


1.69 


1.44 


23.0 


1,47 


I 2a.^ 


\ \.T>^ 


\ 'iA^ft 



A 
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CARNEGIE STEEL COMPANY 



ANGLES 

Allowable Tension Values in Thousands of Pounds 
Maximiun Fiber Stress. 16000 Pounds per Square Inch 



Sue, 
Inchee 



3^x3H 
3 3^x3 M 

3Hx3>| 
3^x33^ 
3HX3H 



3Hx 
3Hx 
3Hx 
3Hx 



3 
3 
3 
3 
3 



3Hx2i^ 
3MX2K 
3^x2^ 
3HX2H 
3Hx2H 



3 
3 
3 
3 
3 



3 
3 
3 
3 
3 



3 x2H 
3 x2H 
3 x2>4 



2^x23^ 

2Hx2^ 
2Hx2K 

2Hx 2 
2}^x 2 
2)^x 2 
2Hx 2 

2x2 
2x2 
2x2 
2x2 

2 xlH 
2 xlH 
2 xl>il 



Thick- 
ness, 
Inches 



Weight 

per Foot, 

Pounds 









3^ 

8>< 



11 






^ 



•1 



5^ 









A 



13.6 
12.4 
11.1 
9.8 
8.6 
7.2 
6.8 



10.2 
9.1 
7.9 
6.6 
6.4 



9.4 
8.3 
7.2 
6.1 
4.9 



9.4 
8.3 
7.2 
6.1 
4.9 



6.6 
6.6 
4.6 



6.9 
6.0 
4.1 
3.07 

6.3 
4.6 
3.62 
2.76 

4.7 
3.92 
3.19 
2.44 

3.39 
2.77 
2.12 



Area, 
Inches 2 



3.98 
3.62 
3.26 
2.87 
2.48 
2.09 
1.69 



3.00 
2.66 
2.30 
1.93 
1.56 



2.76 
2.43 
2.11 
1.78 
1.44 



2.76 
2.43 
2.11 
1.78 
1.44 



1.92 
1.62 
1.31 



1.73 
1.47 
1.19 
0.90 

1.55 
1.81 
1.06 
0.81 

1.30 
1.16 
0.94 
0.71 

1.00 
0.81 
0.62 



Net Areas and Stresses — One Hole Deducted 



% Inch Rivets 



Area, 
Inches 2 



3.36 
3.06 
2.76 
2.43 
2.10 
1.78 
1.44 



2.60 
2.21 
1.92 
1.62 
1.31 



2.26 
1.99 
1.73 
1.47 
1.19 



2.26 
1.99 
1.73 
1.47 
1.19 



1.64 
1.31 
1.06 



StoesB 



63.6 
49.0 
44.0 
38.9 
33.6 
28.6 
23.0 



40.0 
35.4 
30.7 
25.9 
21.0 



36.0 
31.8 
27.7 
23.6 
19.0 



36.0 
31.8 
27.7 
23.6 
19.0 



24.6 
21.0 
17.0 



% Inch Kvets 



Area, 
Inches ^ 



3.43 
3.13 
2.81 
2.49 
2.16 
1.82 
1.47 



2.56 
2.27 
1.97 
1.66 
1.34 



2.31 
2.06 
1.78 
1.51 
1.22 



2.31 
2.06 
1.78 
1.61 
1.22 



1.69 
1.36 
1.09 



1.40 
1.20 
0.97 
0.74 



1.22 
1.04 
0.84 
0.66 



StoesB 



64.9 
60.1 
46.0 
39.8 
34.4 
29.1 
23.5 



41.0 
36.3 
31.6 
26.6 
21.4 



37.0 
32.8 
28.6 
24.2 
19.6 



37.0 
32.8 
28.6 
24.2 
19.6 



26.4 
21.6 
17.4 



22.4 
19.2 
15.6 
11.8 



19.6 
16.6 
13.4 
10.4 



H IndiRireta 



Area, 
Inches 2 



3.61 
3.20 
87 
54 
20 
86 
60 



2.62 
2.32 
2.02 
1.70 
1.37 



2.37 
2.10 
1.83 
1.65 
1.25 

2.3V 
2.10 
1.83 
1.55 
1.26 



1.64 
1.39 
1.12 



1.46 
1.24 
1.00 
0.76 

1.27 
1.08 
0.87 
0.67 

1.08 
0.92 
0.75 
0.67 

0.77 
0.62 
0.48 



Stress 



56.2 
61.2 
45.9 
40.6 
35.2 
29.8 
24.0 



41.9 
37.1 
32.3 
27.2 
21.9 



37.9 
33.6 
29.3 
24.8 
20.0 



37.9 
33.6 
29.3 
24.8 
20.0 



26.2 
22.2 
17.9 



23.2 
19.8 
16.0 
12.2 

20.3 
17.3 
13.9 
10.7 

17.3 

14.7 

12.0 

9.1 

12.3 
9.9 

7.7 
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TENSION VALUES 



BARS 
Allowable Tension Values in Thousands of Pounds 

ROUND BARS SQUARE BARS 



Siae, 
Inches 



Area, 
Inches^ 



H 

A 

n 
1 

liV 
IH 

lA 

IH 
HI 

iff 



2A 
2H 
2A 
2>i 

2A 
2H 
2A 
2>4 

2A 
2^ 

in 
ill 

21! 



0.012 
0.028 
0.049 

0.077 
0.110 
0.150 
0.196 

0.249 
0.307 
0.371 
0.442 

0.519 
0.601 
0.690 
0.785 

0.887 
0.994 
1.11 
1.23 

1.36 
1.48 
1.62 
1.77 

1.92 
2.07 
2.24 
2.41 

2.58 
2.76 
2.95 
3.14 

3.34 
3.55 
3.76 
3.98 

4.20 
4.43 
4.67 
4.91 

5.16 
5.41 
6.67 
5.94 

6.21 
6.49 

6.78 
7.07 



Weight 
per Foot, 
Pounds 



0.042 
0.094 
0.167 

0.261 
0.376 
0.511 
0.667 

0.845 
1.04 
1.26 
1.60 

1.76 
2.04 
2.36 
2.67 

3.01 
3.38 
3.77 
4.17 

4.60 
5.05 
5.52 
6.01 

6.52 
7.05 
7.60 
8.18 

8.77 

9.39 

10.02 

10.6^ 

11.36 
12.06 
12.78 
13.52 

14.28 
15.07 
15.86 
16.69 

17.53 
18.40 
19.29 
20.20 

21.12 
22.07 
23.04 
24.03 



Unit 

Stress 
16,000 

Lbs. 

per 

Square 

Inch 



0.2 
0.4 
0.8 

1.2 
1.8 
2.4 
3.1 

4.0 
4.9 
5.9 
7.1 

8.3 

9.6 

11.0 

12.6 

14.2 
15.9 
17.7 
19.6 

21.6 
23.8 
26.0 
28.3 

30.7 
33.2 
36.8 
38.6 

41.3 
44.2 
47.2 
60.3 

63.5 
66.7 
60.1 
63.6 

67.2 
70.9 

74.7 
78.6 

82.6 
86.6 
90.8 
96.0 

99.4 
103.9 
108.4 
113.1 



Unii 
Stress 
20,000 

Lbs. 

per 

Square 

Inch 



0.3 
0.6 
1.0 

1.5 
2.2 
3.0 
3.9 

6.0 
6.1 
7.4 
8.8 

10.4 
12.0 
13.8 
16.7 

17.7 
19.9 
22.2 
24.6 

27.1 
29.7 
32.5 
35.3 

38.4 
41.6 
44.7 
48.1 

61.6 
65.2 
69.0 
62.8 

66.8 
70.9 
76.2 
79.6 

84.0 
88.6 
93.3 
98.2 

103.1 
108.2 
113.5 
118.8 

124.3 
129.8 
135.5 
141.4 



Size, 
Inches 






A 
H 

A 

H 

H 

U 

n 



1 

Irs 
lA 
IM 

lA 
1% 
lA 
IH 

lA 
1% 
Hi 
IM 

Ul 
VA 
US 



2A 
2H 
2A 

2A 
2H 

2A 
2>4 

2A 
2^ 
2U 
2H 

2»8 
2% 
2il 
3 



Area, 
Inches- 



Weight 
per Foot, 
Pounds 



0.016 
0.035 
0.063 

0.098 
0.141 
0.191 
0.250 

0.316 
0.391 
0.473 
0.663 

0.660 
0.766 
0.879 
1.00 

1.13 
1.27 
1.41 
1.56 

1.72 
1.89 
2.07 
2.26 

2.44 
2.64 
2.86 
3.06 

3.29 
3.52 
3.76 
4.00 

4.26 
4.52 
4.79 
5.06 

5.35 
6.64 
5.94 
0.26 

6.57 
6.89 
7.22 
7.66 

7.91 
8.27 
8.63 
9.00 



0.053 
0.119 
0.212 

0.333 
0.478 
0.661 
0.860 

1.08 
1.33 
1.61 
1.91 

2.26 
2.60 
2.99 
3.40 

3.84 
4.30 
4.80 
6.31 

5.86 
6.43 
7.03 
7.65 

8.30 

8.98 

9.68 

10.41 

11.17 

11.95 
12.76 
13.60 

14.46 
15.35 
16.27 
17.22 

18.19 
19.18 
20.20 
21.25 

22.33 
23.43 
24.56 
25.71 

26.90 
28.10 
29.34 



Unit 

Stress 

16,000 

Lbs. 

per 

Square 

Inch 



0.3 
0.6 
1.0 

1.6 
2.3 
3.1 
4.0 

5.1 
6.3 
7.6 
9.0 

10.6 
12.3 
14.1 
16.0 

18.1 
20.3 
22.6 
26.0 

27.6 
30.3 
33.1 
36.0 

39.1 
42.3 
45.6 
49.0 

52.6 
56.3 
60.1 
64.0 

68.1 
72.3 
76.6 
81.0 

85.6 

90.3 

95.1 

100.0 

105.1 
110.3 
115.6 
121.0 

126.6 
132.3 
138.1 



Unit 

Stress 

20,000 

Lbs. 

per 

Square 

Inch 



0.3 
0.7 
1.3 

2.0 
2.8 
3.8 
5.0 

6.3 

7.8 

9.5 

11.3 

13.2 
15.3 
17.6 
20.0 

22.6 
25.3 
28.2 
31.3 

34.5 
37.8 
41.3 
46.0 

48.8 
62.8 
67.0 
61.3 

65.7 
70.3 
75.1 
80.0 

85.1 

90.3 

95.7 

101.3 

107.0 
112.8 
118.8 
125.0 

131.3 
137.8 
144.5 
151.3 

168.2 
165.3 



\ \\^.^\ v^.'^ 
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CARNEQIE STEEL COMPANY 



GRILLAGE FOUNDATIONS 

6rilla«e Beams. In the design of foundations for columns, piers 
and walls, provision must be made for the uniform distribution of 
the load over the footing. This is best done by the use of a grillage 
of steel beams and concrete. This method of construction elimin- 
ates deep excavations and large masses of masonry and is, therefore, 
truly economical. For heavy loads on soils of small bearing 
capacity, three tiers of beams may be necessary; while for lighter 
loads or better soils two tiers, or even one, may suffice. 

The lower tier should rest upon a solid bed of concrete of sufficient 
thickness to distribute the load to the soil. Good practice requires 
the spaces between the beams in all the tiers to be filled with, and 
the beams enclosed in, concrete not less than four inches thick. 

The clear distance between the flanges of the beams in each tier 
should not be less than 23^ inches, nor more than three times the 
flange width. The first requirement is necessary to permit the 
introduction and proper tamping of the concrete, the second, to 
insure uniform distribution of the load. When separators are used 
to hold the beams in position, they should be of gas pipe, as cast iron 
separators tend to break the continuity of the concrete. Grillage 
beams should not be painted, as concrete does not adhere well to 
painted surfaces but is itself an excellent preservative of steel. 

To determine the area in square feet required for the foundation, 
divide the total load on the column, pier or wall by the allowable 
pressure per square foot on the soil. This gives the area of the 
footing, the shape of which is determined by local conditions. On 
the assumption that the loads on the soil are uniformly distributed, 
the number, size and weight of the beams required are determined 
from the maximum bending moment, the maximum shear, or the 
maximum web resistance to buckling, as follows: — Let 

W=Total load on the foundation, in pounds. 
—2 — . . ~o— L =Length of beam, in feet. . ^ 

- Iiimiiiiij i a ^Length of loaded portion, in feet. 



llllllllllllllllllllllHI 



d =Depth of beam, in inches, 
t =Thickness of beam web, in inches. 
, , n =Number of beams in a tier. 

fb=Allowable unit web buckling resistance. 
The maximum bending moment occurs at the center of the beam 
and is equal in foot pounds to W (L-a) -*- 8; this formala is 
identical with the formula of maximum bending moment for a 
beam of length (Lr-a) under a uniformly distributed load, W. 

The proper size of beam in any tier as regards flexure at a fiber 
/ stress of 1 d, 000 pounds per square inch may be found in the beam 



QRILLAOE FOUNDATIONS 



safe load table for the length corresponding to (L — a), by dividing 
the total load by the number of beams. 

Or may be found from the table of maximum bending moments, 
by dividing the total bending moment by the number of beams; 

Or from the table of properties, by dividing by the number of 
beams in the tier the total section modulus required, which 
i« equal to ^^^^^L 

Note, however, that the load on the beam for any span must not 
exceed the maximum tabular safe load for shear. 

The maximum vertical shear occurs at the edge of the column 

base or at a distance in feet of — j — from each end of the beam and 

IS equal to -jj- x — ^ — 

Web thickness, t, to resist average shear — j^ x — =^ x m^x loooo 

Or, the average vertical shear — j^ x — ^^ x ^^^^^ , which must not 

exceed 10,000 pounds per square inch. 

The maximum buckling stress occurs on a length in inches of 

12 a + d/2 and is equal in total per lineal inch of web to 12 a + d/2 " 

The required thickness of web, t, to resist buckling= 
W 



nx(12a + d/2;xfb. 

Or the average web resistance per square inch to buckling= 

•1ST 

nx(i2a + d/2)xt ^^^^ must not exceed the tabular values for 
the allowable buckling resistance on beam webs. 

Rolled steel Slabs. To distribute the loads from columns over 
girders, grillage beams, etc., solid slabs of rolled steel may be 
advantageously used in the place of cast iron or riveted steel bases, 
€?tc. The size of the slab is usually fixed by the dimensions of the 
column and its thickness is determined from the maximum bending 
moment, on the assumption of uniform loading, as follows:— Let 
" -^ W=Total load, in pounds. 
-■» j A =Width of slab, in inches. 
V^ B =Length of slab, in inches. 
j t =Thickncss of slab, in inches. 

a =Outside dimension of column, in inches. 
'^ ^ J b =Outside dimension of column, in inches. 

The maximum bending moment will occur at the center of the 

slab and equals, in inch pounds, g~ or g— — , and at a 

fiber stress of 16,000 pounds per square inch, the required thickness 

of slab t = \/ 3W(A-a) _ y 3 W (B - bT 

01 SiaO, I, — \ 64,^0 B °^ - ^ 64,000 A. 
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1 Modulus Method. 
3.5 teet: a= 3.0 b 
Required total section modulus, S.= 



1.040.000 1 10.5. 



Average shears— = 

I . .. . 1,041 

Average buckling sCres o- ,, ' .- 

Top tier— L^IO.5 feeC; tt=3.0 le 

Required total BecCion modulus, S 

Use4- 



T ^=3,120 lbs. peraq, I 



)0 lbs. per nj. In. 

Flat! ffiider GrlUice FoDiidallDiu. In those cases where columnB Carry 
very heavy loads, piate girders are used for the top tier of the 
grillage rather than beams. In the case of symmctricalfoundationa, 
lethod of computattoQ is the same as has already been illus- 
trated in the case of beams. The following example indicates the 
procedure in the quite frequent case of unsym metrical loading 
conditions: 

840.000 pouDdi 1,260,000 pounds 





h ^ 


■1'-^ 
*; 2 Plate Gird*™ ' ^ | 'T^] 
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1 .-., inniifiiinTfl 




1 iijiiiii 



H*ke op at I Plata Giider 
(SlmgeAiiglMSiliH 
2 FUnge Plates U i H 

1 Web Plate 301^ 

2 Web Reinf. Flit« % thick, 

eub end between Fluige 

2 Web ReinF. Plata H "u*. 
each end over Flange Angla 
StiSEB«AiiglMBiSH«M 
TieAngl«Si3!^iM 
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840.000 X 


(32- 


•14) 


64,000 X 30 


f3 


X 


1,260,000 X 


(32- 


■16) 



Example: — Required to design a grillage foundation under an exterior or 
wall column carrying a load of 840.(X)0 pounds, and an interior column with 
a load of 1,260,(X)0 pounds, on soil with an allowable bearing capacity of 
8.000 pounds per square foot. 

Required footing area of wall column==-^^^^— =105 square feet. 

o.OUO 

Use area 8' 0" x 14' 0"= 112 square feet. ~ 

Required area of interior column footing — qVu^^V^ ^157.5 square feet. 

Use area 12' 0" x 14' 0":=168 square feet. 

With these dimensions and areas, the load on the soil will be uniform at 
7,500 pounds per square foot, and the footings the same width, both of which 
are desirable from the standpoint of uniform settlement. 

Rolled Steel Slabs for Column Footings: Assume a width of 30'' and a 
length of 32", then the required thickness will be as follows: — 

Wall column, t, ^ 

Interior column, t, = a/3,x 1,260,000 x (32— 16) ^ g gj in.; use 5Ji". 

^ O4.000 X oO 

Plate Girders! Maximum bending moment occurs at the inner beams of 
the respective footings, and is equal to the load on the column multiplied by the 
distance of its center from the center of moments. 

M max. from wall column = 840,000 x 2' 6"=2. 100.000 foot pounds. 
M max. from interior column=l, 260,000 x 1' 8"^=2,100.000 foot pounds. 

2 100 000 X 12 
Required section modulus of two ghrders — ' — leoOO =1,575.0 in.« 

Select from girder safe load table, page 272, two girders composed each of 
1 web plate 36" x W\ 4 angles 6" x 4" x H", and 2 flange plates 14" xH":— 
Total section modulus, S = 2 x 792.3=1,584.6 in.s 

Maximum shear occurs at the inside edge of the steel slab imder the interior 
column, and is equal in total for the two girders to the load carried by the 
portion of the footing between that point and the inside edge of the footing, 
jjj, Jj;260;g^_xJ8 ==680,000 or 340,000 pounds per ghrder. 

At 10,000 pounds per square inch, the 36" x H" plate girder web is good for 
180,000 pounds; thereforCv it is necessary to use reinforcing web plates where 
the shear exceeds that amount. 

Beams, Lower Tier, Interior Colmnn: 

Required total section modulus, S. = ^ ^ ^'^oo ^^ ^ ^'^^ = 1.1*2.3 in.» 
Use 13—18" 55 lb. beams — Total section modulus = 1.149.2 in.« 
Average Shear = i^fO,«|Lx ^j^^^^^^ = 4.620 Ita. per*,. In. 

1 260 000 
Average buckling stress = . „ j^ 43 x 46 ^^ ^'^^O lbs. per sq. in. 

For exterior column use 9—18" 55 lb. beams. 

Note. — In order to facilitate manufacture and shipment, it is 
desirable to use for the entire foundation as few sizes and weights 
of beams as possible, and the rolled steel slabs should be of the 
same thickness or at least of as few thicknesses as really convenient. 

25ft 
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RIVETED BEAM AND PLATE GIRDERS 

Where single rolled beams are insufficient to carry the loads, the 
required capacity may be secured by fabrication in various methods. 

Two beams can be used, connected together by bolts and separa- 
tors. The total strength of these is twice that of the single beam 
of the same depth and weight. Carr should be taken, however, to 
see that the loads are applied on them equally, and where it is 
necessary for the beams to act as a unit, the separators should be of 
plates and angles and not of cast iron. If the loading is not imiform 
on the two sections, their strength must be computed separately. 

The use of single beam girders with plates top and bottom to 
sustain a given load is often more economical in material than the 
use of two beams connected by bolts ahd separators. 

Box girders formed of two beams with flange plates riveted thereto 
are often used for supporting interior walls in buildings. They 
are not, however, as economical in material as sin^e beams with 
flange plates or plate girders. Their interior surfaces do not admit 
of repainting and they should, therefore, not be used in exposed 
places. 

The most economical section to sustain heavy loads is the single 
web plate girder and it is sufficient for all ordinary purposes. When 
not so, two single web plate girders may be used, together with tie 
plates extending clear across the angles, or box girders may be 
made of four flange angles, two web plates and top and bottom 
flange plates. In case there is unequal distribution of the load, 
the two girders or half girders must be figured as separate units. 

In the design of beam or plate girders, care must be taken to see 
that the web is of sufficient thickness to resist buckling stress and, 
therefore, attention is called to the construction specifications and 
to the remarks made on page 204 as to shearing stresses in general. 

The tables which follow give first, a selected fine of riveted beam 
girders of approximately twice the carrying capacity of the single 
beams of which the sections are built; second, a selected line of 
riveted plate girders of various depths and carrying capacities such 
as are customary in building work; third, elements of riveted plate 
girders of various depths from which it is possible to select econom- 
ical' sections for almost any ordinary condition of loading. In 
addition to the properties, the first two tables give the safe loads in 
thousands of pounds imiformly distributed. 

In accordance with the construction specifications, these girder 
tables are based upon the section modulus of the gross area of the 
section, with bending stress allowed at 16,000 pounds pet ^c^-ax^vc^^ 
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RIVETED BEAM GIRDERS— Concluded 
Allowable Uniform Load in THonsANDS op PouNoa 

MuJmum Beadlne Streaa. leOOO Pounds per Square Inch 
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RIVETED PLATE GIRDERS 
! Loads in Thoi"saniih of Pounpb UNicoHMLr Distkiaoted 

MBiImum Bending Stress, 16000 Pounds Per Square Inch 
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R1\'ETED PLATE GIRDERS— Concluded 
Sat^ IiOAHs in Tsodbands or Povsits Unipoemlt Dibtt 
MBiimum Bending Stress, 16000 Pounds Per Squnre Inch 
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RIVETED PLATE GIRDERS 
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To obtain a girder suitable to carry any specified 
loading, determine the maximum end reaction in pounds 
and the maximum bending moment in inch-pounds. 

Select from the table a girder having the desired 
depth, a thidmess of web as determined by the maximum 
end reaction and a suitable section modulus as deter- 
mined by dividing the bending moment by the permissible 
stress per square inch. 

For limiting conditions see explanatory notes, page 
257. and specifications, page 152. 

Weights given do not include stifleners, rivet heads, 
or other details. 









Weight per Foot, 


Maximum 


Section 


Sixe in Inchea 




Pounds 


End 


Modulus, 










Reaction 
















• 






Web Plate 




in 


Axis 1-1, 


Web 


Flange 


Flange 


and 


Flange 


Thousands 

of 

Pounds 


Inches^ 


Plate 


Angles 


Plates 


Flange 
Angles 


Plates 


136.6 




4x 3 xH 




69.5 




50.6 


168.6 




4x 3 xH 




69.9 




50.6 


198.7 




5x3i4xH 




79.9 




60.6 


236.1 


24x%6 


5x3HxH 




92.7 




50.6 


238.0 




5X3J4XH 


12 xH 


79.9 


40.8 


50.6 


372.9 




5x3Hx^ 


12xfg 


79.9 


51.0 


50.6 


408.5 




6x3HxH 


12 x^ 


92.7 


51.0 


50.6 


142.5 




4x 3 x% 




64.6 




60.8 


165.5 




5x3HxH 




72.2 




60.8 


174.5 




4x 3 xH 




76.0 




60.8 


204.5 




4x 3 xys 




85.0 




60.8 


204.6 




5x3>4xH 




85.0 




60.8 


242.0 


24 xH 


6x3Hx^ 




97.8 




60.8 


270.9 


\ 


5x3Hx^ 


12 xH 


72.2 


30.6 


60.8 


306.1 - 




5x3Hx^ 


12 xH 


72.2 


40.8 


60.8 


343.6 




6x3HxH 


12x3^ 


85.0 


40.8 


60.8 


378.5 




5x3}4xH 


12 x^ 


85.0 


51.0 


60.8 


414.1 




5xS}^xH 


12 x^ 


97.8 


51.0 


60.8 


151.5 




4x 3 xH 




61.6 




56.3 


176.8 




5x33^x^ 




69.2 




56.3 


186.6 




4x 3 xH 




72.0 




56.3 


201.2 




6x 4 xH 




76.8 




66.3 


219.6 




5x3Hx3^ 




82.0 




56.3 


252.0 




6x 4 x}4 




92.4 




56.3 


260.7 




5x3HxM 




94.8 




56.3 


291.3 


26 X %e 


5x'6Hxys 


12 xH 


69.2 


30.6 


56.3 


301.0 




6x 4 x^ 




107.6 




56.3 


329.5 ^ 




5x3Hx^ 


12 xH 


69.2 


40.8 


56.3 


334.8 




6x 4 xVs 


14 x^ 


76.8 


35.7 


56.3 


370.7 




5x3HxH 


12 xH 


82.0 


40.8 


66.3 


379.4 




6x 4 xVg 


14 xi^ 


76.8 


47.6 




408.6 




5x3>^x>4 


12 xH 


82.0 


\ &\.Q 



\ 
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CARNBQie STEEL COMPANY 



RIVETED PLATE GIRDERS— Continued 





Sininlulia 




Wdght per. Foot. 




SBrtioB 










"^ 


Moduhu. 






























WdiFlita 








Web 


Ftufa 


tlBC* 


ud 


TtugB 


'S' 


Inchw" 


y\M 


l^ 


lU? 


£5S 


aSS 


«8.4 




8x 4.K 


14 xM 


92.4 


47.8 


56.5 


*47 






5x3Mx»i 


12 XK 




s 




56.3 


472 




26 x«. 


6j 4 XH 


14xJi 


92 


4 


50.6 


56.3 








6. 4XM 


HxM 




6 


59.5 




563 






Bx 4xH 


14 x« 


t07 


8 


71.4 


66.3 


168 






4x axH 




67 


2 




67 5 








8X3HXW 










67 




19i 






4x 3 XH 

8x 4 xH 




'g 


I 




67 










4X 3 x« 










87 




23C 






6X3MXH 
Ox 4 XW 




BR 







87 










5X3HXH 










87 










6X3MXM 


iax« 






30,8 


87 










Gx 4 xH 




113 


2 














SxSJixJ^ 


12 XH 








07 




341 




2«xM 


6x 4 X?* 


14 xM 






35.7 


87 




364 






6x 4 xM 




127 


6 














5x3WxW 


12 XH 


87 




40.8 


67 




380 






Bx 4 xi^ 


14 I M 








67 










5x3MxM 


12 xM 


87 


6 


Sl.O 












6x 4 XH 


14 XM 






47.6 


67 




45i 






5l3Hx!^ 


12 xM 


100 






87 










8x 4 xK 


14xM 


OS 





6B.5 












8x 4 XH 


MXji 






50.5 


67 




680 






8x 4x*6 


14 x« 






71.4 


87 




613 






81 4 xJi 


14 xH 


127 


6 


71.4 


67 




200 






4x 3 XM 




83 


1 




78 




233 






4x 8 XK 




S3 






78 




26^ 






6x3!^iH 
8X 4xH 




93 


5 




7S.S 
78.8 


27^ 






5x3Mx% 










78.8 








8x 4 xH 




118 
























78.8 


384 




26xHs 


6i3!^x}i 


12 xM 


03 




40.8 


Tas 








6xaHxJ4 


12 I M 


93 


1 




78.B 








81 4XH 


14x>i 






47.6 


78.8 


461 






6x3HxS^ 


12 XM 






51.0 


78.8 


485 






8x 4 xj^ 

ax 4 XJ^ 


14 XM 
14 XM 


loa 


5 


6S.6 


78 


8 








8X 4xH 


14x5i 






71.4 


78 


S 


030 






81 4 IJi 


14.x M 


133 


I 


71.4 







RIVETED PLATE GIRDERS— Continued 



SeeliaB 


SiHiDlu^lM 




Wsight^p 


rFoot. 


MHimam 
End 


Modiliia. 










B«aoa 










Aiil-l. 


VA 


FbDgB 


Tluge 


ud 


yy^ 


PoSU 


iDcho* 


Pllto 


Amk. 


Pliba 


S£ 


Plita 


186.B 




5K3H)!H 




70.3 




6B.S 






«JC4 «54 










56 


3 


230.3 




5x3>ix>i 




83 






66 


8 


264. 1 


6i 4 »M 




S3 






56 








5X3MXH 










56 


3 


304.S 




5i3HiH 


12 x« 






30.6 










6k 4 sM 




108 






56 


3 


S44.2 




5x3>ilN 


12 xM 






40.8 






349.8 


27jl«e 


6i4 xM 


14 XN 


77 










387.3 




fixSMxM 


12 xW 








66 




306.2 




6x4 xM 


14 I M 






47-6 






426.7 




5x3MsK 


12 xM 


83 






56 




4*7.4 




ex 4 xW 




93 






56 


3 


467.7 




5I3MXH 


12 xH 


9G 




61.0 






483.4 




6x4 xH 


14 x« 


93 






56 




£42.4 




6X4 xj* 


14xSi 








56 


3 


fiSS.O 




6x:4 x% 


14 xK 


108 




71.4 


66 


3 


1B3.1 




6i3J4xJi 




76 






87 


S 






6x4 XK 












6 


337.8 




5i3HxH 




86 






67 


S 


271.6 




6x 4 xi^ 










67 


5 






5X3HXH 














31J.T 




5x3HxJ^ 


12 xH 


7e 




B0.6 


67 


5 


"--322.7 




0X4 xJi 










B7 


6 


S61.4 




5x3H*H 


13 xM 






40.8 




6 


367.1 




6x4 xH 


14 XK 






35.7 


67 


6 


3T1.4 


27lM 


6x4 xJi 














8ft4.6 




Ex3>ixJi 


12 xi^ 






40.8 




5 


40B.4 




6x4 iJi 


WxJi 






47.6 


67 


6 






6x 4 XM 














433.8 




ExajixM 


12 xM 






51-0 


67 


6 


4&4.6 




6JI 4 XH 


I4x« 


00 




47.6 


67 


5 






5x3>ixH 


12 xW 












600.5 




6x 4 XH 


14 xH 


9t 




59.5 


67 


5 


649.5 




6x 4 XM 


14xM 






50.5 


67 


E 






6x 4 xH 


14 xM 












641.2 




ex 4 xM 


14 xM 


138 




71.4 


B7 


5 


S46.2 




Sx3MxM 




94 






78 


g 


270.0 


2Txti« 


6X4 l!^ 




105 






78 


a 






EX3HXW 




107 






7%.% 


330.3 




6i 4 xH 




120 


2 


\ 


\ T 
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CARNEQIE STEEL COMPANY 



RIVETED PLATE GIRDERS— Continued 


BBCtHB 


KKilluhBI 


^■'k^^^^U 


"b: 














Anil-1, 


W.b 


riuM 


Hue 


WehFlMo 
and 


FIiu«o 


ir 


IcBba/' 


PliM 


A,«I. 


pSS 


as 


^ 


378.8 




6x 4 I.H 




134.6 




78,8 






6x3>jx>i 


I2lii 


04 






78,8 


425.3 




e« 4.^ 










78.8 






5X3K.1>S 


12 xH 


84 


6 


51.0 


78,8 




27iMu 


Bx 4 xM 


14 XW 










182,0 




6X3}5«M 


12 x% 








78.8 


507.7 




ex 4 iH 


14 xH 


105 





59.5 


78,8 






ax 4 XM 


14 xM 










eo2.4 




6X 4xM 


14 XM 


120 


2 




78.8 


648^ 




Bx 4x« 


WxM 


134 


6 


71.4 


783 


1U.6 




5x3>ixM 




71 


4 




66.3 


S21J> 




ex 4xM 




70 







66.3 


241.1 




Sx3Hx^S 






2 






376.3 




6X 4 X>S 










60,3 


366.8 




5x3Hx?i 




87 









32B.7 




5x3Jix!S 
Ux 4 XH 


12 xM 


71 


g 


3a6 


56.3 

563 


asB-o 




6x3}ix« 


12 XM 


71 






563 




2Sx^, 


Bx 4 xJi 


14 xM 


79 




36,7 


563 


404.D 




5x3}4xM 


12 xM 




2 


40.8 


58.8 


413.1 




ex 4 xH 


14 xM 


79 





47,6 


56.3 






5x3HiM 


12 XH 


84 


2 


51,0 


563 


466.6 




6x 4xM 


14 xM 






47.6 


563 


487.6 




5X3MXJS 


12XM 


07 







563 


614.3 




ex 4 xJi 


14 xK 








563 


666.4 




6x 4 XH 


14 xH 






59.5 


56.3 


612.7 




ex 4 xN 


14 xH 


109 




71.4 


563 


202,6 




5X3HXM 




77 


3 




87.6 


229.0 




Ox 4 iM 

5x3>ix>i 




84 


9 




67.5 


284,3 




Bx 4 x>i 










07.5 






Bx3MxM 




102 


9 




073 






5X3>5X^ 


12xM 






30.6 


673 


337,7 


28 XM 


Bx 4xH 




115 






67.5 






SxSHxfi 


12 xM 




3 






372.8 




6x 4xM 


14 XM 






35.7 


873 


388,6 




ex 4 xJi 




J30 


1 




673 






5x3MxM 


12 xM 










420.8 




ex 4xM 


I4X>S 






47:6 


673 






Bx 4 xH 










B7,5 


462.5 




Sx3>4xM 


13 XW 


00 


1 


51.0 


673 



GIRDERS 



RIVETED PLATE GIRDERS— Continued 



Section 
Modulus, 


Sise in Inches 


Weight per Foot, 
Pounds 


Maximum 

End 
Reaction 












Axis 1-1. 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

of 

Pounds 


Inches^ 


Plates 


Angles 


Plates 


Flange 
Angles 


Plates 


474.3 




6x 4 xH 


14 xH 


100.5 


47.6 


67.5 


495.3 




5x3Hx^ 


12 x^ 


102.9 


51.0 


67.5 


521.9 


28 xH 


6x 4 nYt 


14 x^ 


100.5 


59.5 


67.5 


673.1 


^ %» 


6x 4 x^ 


14 x^ 


115.7 


59.5 


67.5 


620.4 




6x 4 x^ 


14 X 5^ 


115.7 


71.4 


67.6 


668.6 




6x 4 x^ 


14 xM 


130.1 


71.4 


67.6 


257.1 




5xSHxH 




96.1 




78.8 


292.4 




6x 4 xj4 




106.5 




78.8 


301.8 




5x3HxH 




108.9 




78.8 


345.8 ; 




6x 4 x^ 




121.7 




78.8 


396.5 ! 




6x 4 xH 




136.1 




78.8 


419.5 




5x3HxH 


12 xH 


96.1 


40.8 


78.8 


445.1 


28 X %e 


6x 4 x^ 




150.5 


i 


78.8 


460.2 




5x3i^xH 


12 x^ 


96.1 


61.0 


78.8 


482.0 




6x 4 xH 


14 x^ 


106.5 


47.6 


78.8 


503.0 




6x3Hx^ 


12 x^ 


108.9 


61.0 


78.8 


529.6 




6x 4 xH 


14 x^ 


106.5 


59.5 


78.8 


580.8 




6x 4 xH 


14 X ^ 


121.7 


69.6 


78.8 


628.0 




6x 4 xH 


14 X 5i 


121.7 


71.4 


78.8 


676.2 




6x 4 xM 


14 X M 


136.1 


71.4 


78.8 


221.8 




5x3HxH 




79.9 




74.3 


250.5 




6x 4 x^ 




87.5 




74.3 


272.1 




5x3HxJ^ 




92.7 




74.3 


310.3 




6x 4 xH 




103.1 




74.3 


^ 320.5 




5x3Hx^ 




105.5 




.74.3 


353.8 


• 


5x3>^x^ 


12 xH 


79.9 


30.6 


74.3 


366.2 




SxsyixH 




117.6 




' 74.3 


368.1 




6x 4 x^ 




118.3 




74.3 


397.8 




5xS}^xys 


12 xH 


79.9 


40.8 


74.3 


404.7 




6x 4 x^ 


14. xH 


87.5 


35.7 


74.3 


423.1 


COxH 


6x 4 xM 




132.7 




74.3 


446.6 




5x3HxH 


12 xH 


92.7 


40.8 


74.3 


456.1 




6x 4 x^ 


14 xH 


87.5 


47.6 


74.3 


475.8 




6x 4 x>^ 




147.1 




74.3 


490.3 




5x3>4xH 


12 xH 


92.7 


51.0 


74.3 


'514.0 




6x 4 xM 


14: xH 


103.1 


47.6 


74.3 


536.7 


" 


bxS^xVs 


12 X ^ 


105.6 


61.0 


74.3 


565.1 




6x 4 xH 


14 xH 


103.1 


69.5 


74.3 


620.6 




Gx 4 x% 


14 xH 


118.3 


69.5 


74.3 


671.3 




6x 4 xH 


14 xK 


118.3 


71.4 


74.3 


723.8 




6x 4 xM 


14. x% 


132.7 


\ 1\X 


\ n\.a» 



\ 
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CARNEOIE STEEL COMPANV 



RIVETED PLATE GIRDERS— Continued 



BBOtion 


■u.i,i,.b. 




*^^^i^"'- 


End 


UoduK 










R<»lioi 












AiisM, 


Plita 


ES 


SSS 


Web Plate 


& 


^ 


2S1.4 




Gx3HJtH 




99.0 




8a.s 


■^IB 


5 




Hi 4 xH 
SX3>^XM 




lu 


* 




SS.S 


375 


S 




5i3HxW 




123 


8 




86.0 








Sit 4 .H 










sa 


fl 


432 






6x4 X!i 




130 







86 





455 


5 




5x3WxM 


12 xM 


00 
















SOi'Wo 


6x 4 xJi 










sa 




4B9 






SxSHiJi 


12x5^ 







51.0 


88 





5^3 






814 xH 


14 I W 


100 








80 


6 




a 




5i3HxH 


12X^6 














674 






6i 4 iH 


14x5i 


109 


4 


59 


5 


80 





629 


6 




6X 4 xM 


14x!i 




6 






86 


fl 




1 




fli4 x% 


14x Ji 










SO 




732 


9 




6x 4 iM 


14 XM 







71 


4 


sa 


6 


2B0 


a 




5x3!^x>i 




105 


4 




ee 





33£ 


i 




Ox 4 xH 

5x3Hx^ 




118 


2 




99 


) 


334 






5l3Hl!i 










99 






5 




6l 4 xH 














441 






ex 1 I« 




145 


4 




99 





4M 


4 




6l3MxJ^ 


12 xW 






40.8 









2 


30 I H 


Ox 4 xJS 














508 






5x3Mx!i 


12 I M 


105 


4 




99 





531 






8x4 K>4 


14 x^ 






47 


6 


00 







J 




5x3«xH 


12 XK 




2 
















0x4 xH 


14 xK 


115 


8 






99 





6,38 






0X4 xH 


14 XM 






59 


5 


00 











6k 4 xfi 


14 xM 






71 


4 






741 


3 




6x 4 x« 


lixii 


145 


4 






90 




251 


7 




5x3HxM 




S3 


7 




SI 






7 




0x4 XK 




0] 






81 











5x3HiH 










81 





308 


4 




Ox a xM 


















Ox 4 xH 




100 






81 J) 








5x3iixM 






3 




81.0 


383 


' 




Ox 6 x(i 
5x3>ixH 


12 xM 


83 


^ 


30.a 


S1.0 








5x3}ix*i 




121 


3 




81.0 




7 




Ox 4 xfi 










81.0 








5x3Hx^ 


12 xM 










453. 


4 




6x 4 xH 


14x!i 


91 


3 


36 


7 


81 


a 



GIRDERS 



RIVETED PLATE GIRDERS— Continued 


Section 
Modulus, 


Bise in Inches 


Weight per Foot. 
Pounds 


Maximum 

End 
Reaction 












Axis 1-1, 


Web 


Flange 


Flange 


Web Plate 
and 


Flange 


in 

Thousands 

of 

Pounds 


Inches' 


Plate 


Angles 


Plates 


Flange 
Angles 


Plates 


455.9 




6x 6 xM 




138.9 




121.5 


476.1 




6x 4 x5i 




136.5 




81.0 


477.6 




6x 6 x^ 


14 x^ 


101.7 


35.7 


121.5 


499.8 




5x3HxH 


12 xH 


96.5 


40.8 


81.0 


510.0 




6x 4 x^ 


14x>4 


91.3 


47.6 


81.0 


525.4 




6x 6 x^ 




156.9 




121.5 


534.1 




6x 6 x^ 


14 xH 


. 101.7 


47.6 


121.5 


548.0 




5x3HxH 


12 x^ 


96.5 


51.0 


81.0 


574.7 




6x 4 xH 


14 xH 


106.9 


47.6 


81.0 


590.6 


f^^m m ^ 


6x 6 TiM 


14 x^ 


101.7 


59.5 


121.5 


592.6 


33 xH 


6x 6 TiVi 




174.5 




121.6 


599.9 




6x3HxH 


12 xH 


109.3 


51.0 


81.0 


607.1 




6x 6 TiM 


14 x^ 


120.5 


47.6 


121.5 


630.9 




6x 4 x>4 


14 xM 


106.9 


59.5 


81.0 


663.1 




6x 6 xH 


14 xH 


120.5 


59.5 


121.6 


693.0 




6x 4 xH 


14 x^^ 


122.1 


59.5 


81.6 


719.2 


* 


6x 6 xH 


14 xM 


120.5 


71.4 


121.5 


732.7 




6x 6 x^ 


14 X H 


138.9 


59.5 


121.5 


748.9 




6x 4 x^ 


14 xM 


122.1 


71.4 


81.0 


788.3 




6x 6 x^ 


14: xH 


138.9 


71.4 


121.5 


807.6 




6x 4 hVa. 


14:XH 
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6x6*x^ 


16 x^ 


158.0 


68.0 


180.0 


1228.4 




6x6x^ 


14 xM 


158.0 


71.4 


180.0 


1245.2 




X 4 x ^ 


14x5i 


155.6 


, 71.4 


121.5 


1301.2 




6x6xH 


16 xM 


158.0 


81.6 


180.0 


1317.9 




6x4x5i 


16 xM 


155.6 


81.6 


121.6 


1334.0 




6x6x ^ 


14 xM 


176.0 


; 71.4 


180.0 


1394.7 




6x6x^ 


16 xK 


158.0 


95.2 


180.0 


1406.7 




6x6x^ 


16x5i 


176.0 


81.6 


180.0 


1498.1 




6x4xK 


16 x% 


170.0 


95.2 


121.6 


1499.7 




6 X 6 X K 


16 xK 


176.0 


95.2 


180.0 


1601.3 




6x6xK 


16 x^ 


193.6 


95.2 


180.0 


591.2 




6x4xH 




136.2 


' 


141.8 


652.7 




6x6xH 




149.8 


. 


210.0 


688.7 




6x4xH 




151.4 




141.8 


765.0 




6x6xH 




168.2 




210.0 


782.3 




6 X 4 X Ji 




165.8 




141.8 


872.1 




6x4xK 




180.2 




141.8 


873.8 




6x6x^ 




186.2 




210.0 


918.8 




6x4xH 


14 xH 


136.2 


47.6 


141.8 


967.3 
979.0 


48 X %6 


6x4x'H 
6x6xK 


16 xH 


136.2 
203.8 


54.4 


141.8 
210.0 


979.0 




6x6x J^ 


14 xH 


149.8 


47.6 


210.0 


1000.8 




6x4x M 


14x5^ 


136.2 


59.5 


141.8 


1027.6 




6x6xM 


16 xM 


149.8 


54.4 


210.0 


1060.8 




6x6x ^ 


14 x^ 


149.8 


59.5 


210.0 


1095.8 




6x4xH 


14 x^ 


151.4 


59.5 


141.8 


1121.4 




6x6x H 


16 xH 


149.8 


68.0 


210.0 


1142.5 




6x6xH 


14 xH 


149.8 


; 71.4 


210.0 


1156.5 




6x4xH 


16 x^ 


, 151.4 


68.0 


141.8 
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RIVETED PLATE GIRDERS— Continued 



Section 


ffise in Inches 




Weight per Foot, 
Founds 


Maximum 
End 


ModuluB, 










Reaction 












AuM, 


Web 


Flange 


Flange 


WebPUte 
and 


Flange 


in 

Thousands 

of 

Pounds 


InchnB 


FlateB 


Angles 


Plates 


Flange 
Angles 


Plates 


1170.3 




6x6x^ 


14 x^ 


168.2 


59.5 


• 210.0 


1177.4 




6x4xH 


14 x^ 


151.4 


71.4 


141.8 


1230.9 




6x6x^ 


16x5^ 


168.2 


68.0 


210.0 


1261.5 




6x6x^ 


14 x^ 


168.2 


71.4 


210.0 


1268.2 




6x4x5^ 


14: xH 


165.8 


71.4 


141.8 


1324.3 




6x6x^ 


16 xH 


168.2 


81.6 


210.0 


1341.0 


48x%e 


6x4x^ 


16x5i 


165.8 


81.6 


141.8 


1357.0 




6x6x^ 


14xJi 


186.2 


71.4 


210.0 


1417.7 




6x6x^ 


16 x% 


168.2 


95,2 


210.0 


1429.8 




0x6x^ 


16xJi 


186.2 


81.6 


210.0 


1521.0 




6x4xK 


16 x>^ 


180.2 


95.2 


141.8 


1522.7 




6x6x K 


16xJi 


186.2 


95.2 


210.0 


1624.2 




6x6x % 


16 xK 


203.8 


95.2 


210.0 


615.0 




6x4xH 




146.4 




162.0 


676.4 




6x6x1^ 




160.0 




240.0 


712.4 




6x4x^ 




161.6 




162.0 


788.8 




6x6x^ 




178.4 




240.0 


806.0 




6x4x^ 




176.0 




162.0 


895.8 




6x4x% 




190.4 




162.0 


897.6 




6x6x^ 




196.4 




240.0 


942.1 




6x4x1^ 


14 xH 


146.4 


47.6 


162.0 


990.6 




6x4xH 


16 xH 


146.4 


54.4 


162.0 


1002.3 




6x6xH 


14: xH 


160.0 


47.6 


240.0 


1002.7 




6x6xK 




214.0 




240.0 


1024.0 




6x4x H 


14 xH 


146.4 


59.5 


162.0 


1050.8 




6x6x K 


16 x^ 


160.0 


54.4 


240.0 


1083.9 




6x6x H 


14 x^ 


160.0 


59.5 


240.0 


1119.0 




6x4x % 


14x5^ 


161.6 


59.5 


162.0 


1144.5 


48xH 


6x6x3^ 


16 x% 


160.0 


68.0 


240.0 


1165.6 




6x6x 1^ 


14 x^ 


160.0 


71.4 


240.0 


1179.6 




6x4x^ 


16 xH 


161.6 


68.0 


162.0 


1193.4 




6x6x^ 


14: xH 


178.4 


59.5 


240.0 


1200.5 




6x4x^ 


14 xH 


161.6 


71.4 


162.0 


1254.1 




6x6x^ 


16 x^ 


178.4 


68.0 


240.0 


1274.5 




6x 6x^ 


14 xH 


178.4 


71.4 


240.0 


1291.2 




6x4xH 


14: XH 


176.0 


71.4 


162.0 


1347.3 




6x6x5^ 


16xJi 


178.4 


81.6 


240.0 


1364.0 




6x4x ^ 


10 xH 


176.0 


81.6 


162.0 


1380.0 




6x 6x J^ 


14 X M 


196.4 


71.4 


240.0 


1440.6 




6x6x ^ 


16 xK 


178.4 


95.2 


240.0 


1452.8 




6x6x ^ 


16 x^ 


196.4 


81.6 


240.0 


1543.9 




6x4xK 


16 x^ 


190.4 


95.2 


162.0 


1545.6 




6x6xH 


16 xK 


196.4 


95.2 


240 


1647.1 




6x6x^ 


lOxJi 


214.0 


95.2 


240.0 
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RIVETED PLATE GIRDERS— Concluded 



WotPlatu 



ex 6xH 
OxfliSl 
6xflx!i 



llM 



COLUMN SAFE LOADS 



COLUMNS AND STRUTS 

Compression members in structures are called posts, struts or 
columns. No exact theoretical formula has been found which will 
give the strength of such members under various conditions of 
loading. The formulas in current use are based on the assumption 
that the members, under stress may fail by direct compression, by 
compression and bending combined, or by bending alone. The 
empirical formulas based on these assumptions practically agree 
with results obtained by experiment on full size members. These 
experiments show that steel columns of ordinary sizes and lengths 
fail at nearly a constant stress which corresponds to the yield 
point of that material, and that the load which will cause a column 
to fail decreases in the ratio of its length to its least lateral 
dimension. 

Badias of Gyration. As the Strength of a column depends on its 
ability to resist flexural stress, the moment of inertia of its cross 
section is an important factor in the determination of its carrying 
capacity. For the purpose of computation, however, it is much 
more convenient to use the radius of gyration which depends on 

the moment of inertia. 

• 

Ratio of Slenderness. The ratio of slenderness is the unsupported 
length of a compression member divided by its radius of gyration, 
and the unsupported length of a column is determined by such 
points of support as will prevent deflection of the column in the 
direction which corresponds to the particular radius of gyration 
under consideration. Columns of unsymmetrical section have 
more than one radius of gyration. It is, therefore, necessary to 
determine the ratio of slenderness for the different radii of gyration 
of such columns and to use the proper ratio in any particular 
case. 

The unit stresses for different ratios of slenderness given in the 
construction specifications and on page 282 are consistent with 
present practice in column construction and their use does not 
involve the refinements of the more complicated formulas, which 
refinements are often vitiated by uncertainties in the application 
of loads or other practical features. 

The construction specifications limit the maximum ratio of 
slenderness to 120 for main members under steady stresses. For 
secondary members under temporary stress, such as those used in 
wind bracing, higher ratios may be used, but in no case should the 
ratio exceed 200. 
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Form and Size of Section. Important as it may be to have the metal 
in the column section distributed as far as possible from the neutral 
axis, that is, with as large a radius of gyration as possible, considera- 
tions of ease in fabrication and simpUcity in connections are of 
greater weight. The economical column section is not that which 
affords the least weight of metal in the shaft, but that which, with 
a reasonable radius of gyration, provides the least weight of member, 
shaft and details with the minimum amount of riveting. Modem 
practice, therefore, eliminates earher forms of construction which 
represented the minimum amount of metal for the maximum 
radius of gyration, such, for example, as the column composed of 
three I-beams or one I-beam and two channels placed either with 
the flanges in or the flanges out. The Z-bar column has also fallen 
into disuse, likewise a number of patented sections and other sections 
shown in earlier editions of this pubUcation. 

The most practical column is one the surfaces of which are 
readily accessible for painting and, therefore, it is desirable to use 
open angle and plate columns rather than closed channel and 
plate columns. 

The column sections should be of such size as to permit ready 
framing of beams and girders thereto and so placed in the construc- 
tion as to permit the simplest details. Experience indicates that 
eight inches is the smallest desirable dimension in ordinary building 
work. For struts and light loads, smaller angle columns are still 
in use, while the H-beams are excellent for such purposes. I-beams 
and single angles may be used with economy where the conditions 
of lengths and loading permit. 

Explanation of Tables. The tables which immediately follow give 
the safe loads in thousands of pounds on H-beam and I-beam 
columns and on a selected line of channel and angle columns which, 
in the Ught of experience, seem to be desirable for use in ordinary 
building and bridge construction. In addition to the safe loads, 
they give moments of inertia and radii of gyration about both 
axes of symmetry, areas of sections, and weights in pounds per foot 
without allowance for rivet heads or other details. 

These tables have been computed for the least radius of gjnration 
in accordance with the formula given in the construction specifica- 
tions. The values may be adjusted to other formulas or to different 
values of the ratio of slenderness by use of the comparative table on 
page 254. This table is also suitable for use in figuring colunms 
so braced against flexure, that their safe strength may be computed 
for the greater radius of gyration. 

2B0 



COLUMN SAFE LOADS 

CanMiied BoidliiK uid Compnulaa Stnuea. It JB aasumed 
tables that the loads are direct and equally distributed c 

ion of the column or balanced on opposite sides thereof. 
iC of beams carried on brackets or other forms of eccentric 
loading, heading streBSCS are produced which should be taken 
consideration and the column sections bo proportioned that the 
lombined fiber stresses do not exceed the allowable axial comprE 
live stresses. There is no direct simple solution of this problei 
.ho following trial method is suited to the tables: — 
Let 

W=Direct load in pounds. 
'Wi= Eccentric load in pounds. 
M =; Bending moment due to eccentric load in ini 

pounds ^WiX 
I ^Moment of inertia of column in direction of 

beading. 
n =Extromc fiber distance in direction of bending. 
A ^Area of column section, in square inches. 
f ^Allowable axial unit compression in pounds 
per square inch; then ! should be equal to or greater 
than ^''.^ J + -^ the fiber stresses due 



> compression i 
bendmg respectively. 

1 of that required for the 
direct compression W + Wi and compute the combined fiber stress, 
t works out too large or too small, try again, 

Ihmple: — Required to select a plata and angla column 20 leot long t 
■ualain a, balanced load of 210,000 pounds and an ecconLrlc load of 40,00 
pounds applied 15 incbes From the column center on axis 1-1. 

Assume a section made up of t4"i:%" web plate, four angle* Q"i4"jt',W ani 
two Uange plates 14"x'!i,", page 373. 

A = a2.47, Ii-i^l3Sl, ra-a = 3.0B. ratio ol aletnlemH8a=a0il2 + 3. 09 = 3^7 
Allowabla Ober stress, 19,000— 100 l/r =11, 30O pounds per Bijunre Inch. 



AllUWI 

<Jpaee282 



aiO,000 + 40.000 J. 40.000 it I5x7.fl35 _..„u,,, 

8* 5^irr5 ^ rs¥i ^=7,70O+, 



1,090 pounds per square Inch. 
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COMPARISON OF COMPRESSION FORMULAS 
Allowable Unit Stresses in Pounds per Square Inch 





A. B. Co. 


Pl. R. E. Aas'n 
Chicago 


Gordon 


New York 


Philadelphia 


Boston 


. 1 

r 


See 
Construction 
Specifications 


16000-70-i- 

r 

14000 max. 


12500 


15200-68-L 

r 


16250 


16000 




1- 


1 *' 


la 

1 1 


12 

^"^ 20000 r2 




■^ 36000 r2 


* ' 11000 r2 



5 
10 
15 
20 
25 


13000 
13000 
13000 
13000 
13000 
13000 


14000 
14000 
14000 
14000 
14000 
14000 


12500 
12490 
12460 
12420 
12365 
12285 


15200 
14910 
14620 
14330 
14040 
13750 


16250 
16215 
16100 
15926 
15680 
15376 


16000 
16980 
16920 
15820 
15690 
15516 


30 
35 
40 
45 
50 


13000 
13000 
13000 
13000 
13000 


13900 
13550 
13200 
12850 
12500 


12195 
12090 
11970 
11835 
11690 


13460 
13170 
12880 
12590 
12300 


15020 
14620 
14185 
13725 
13240 


15310 
15075 
14815 
14530 
14220 


55 
60 
65 
70 
75 


13000 
13000 
12500 
12000 
11500 


12150 
11800 
11450 
11100 
10750 


11530 
11365 
11186 
11000 
10810 


12010 
11720 
11430 
11140 
10850 


12746 
12240 
11740 
11240 
10750 


13900 
13560 
13210 
12860 
12490 


80 
85 
90 
95 
100 


11000 

10500 

10000 

9500 

9000 


10400 

10050 

9700 

9350 

9000 


10615 

10410 

10205 

9995 

9785 


10660 

10270 

9980 

9690 

. 9400^ 


10276 
9810 
9360 
8930 
8510 


12120 
11755 
11390 
11025 
10670 


105 
110 
115 
120 
125 


8500 
8000 
7500 
7000 
6750 


8650 
8300 
7950 
7600 
7250 


9570 
9355 
9140 
8930 
8715 


9110 
8820 
8530 
8240 


8115 
7740 
7380 
7035 
6716 


10315 
9970 
9630 
9300 


130 
135 
140 
145 
150 


6500 
6250 
6000 
5750 
5500 


6900 
6550 
6200 
5850 
6500 


8510 
8300 
8095 
7890 
7690 




6406 
6115 
6840 




155 
160 
165 
170 
175 


5250 
5000 
4750 
4500 
4260 




7495 
7305 
7120 
6935 
6755 








180 
185 
190 
195 
200 


4000 
3750 
3500 
3250 
3000 




6580 
6410 
6240 
6080 
5920 








NaiTiP nf T<*nnniilA. 


Abbreviation 


Maximum Ratio of 1/r 




Main 


Members 


Bracing Struts 


American Bridge Company 


A. I 


5. 




120 


200 


American Railway Engineering Aas'n 


A. R. 


E. 




100 


120 


Cliicago Building Law 


C. 






120 


150 


Gordon 


G. 






, , 


• • 


New York Building Law 


N. ^ 


f. 




120 


■ • 


Philadelphia Building Law 


p. 






140 


• • 


BoBtc 


m Building La\ 


V 




B. 






120 




• • 
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i|3Ui ajBnbg jsd Epiinod aj: 



ijaa alqSMony 
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' CARNBaie STEEL COMPANY ^^^| 


1 

1 


i- 




1- — 


f — m^ 

Sa™ Loads in Thouhands of Pocndh Tm ' 

"^ Allowable Fiber Stresa per square Inch. 13.000 poundill^ 

(orlBQgtbsor 60 radii or under: reduced for lengtbHPVW 80 (■^ 

i- ^ rwUl-BeeapeclflcBtioiia. PBge 161, ■ 


2 


,ve.8u™<.ouo..u.ua. <...«■.. |g 


Depth and Wdghl of SkUdm [ | 


HTBtiv 


BBanm 


lB«nl3 1 1 


[=11^ 


Sin. 


S 


Sin. 


s 


IB in, 
lie. 


Vl.^ 


as"' 


£ 


Ibi 


ite. 


'.L" 


z 


'i 


2 

e 

B 
10 

12 

' IB 

i 

M 
23 

2e 

27 


130.0 
130;i 

!30.( 
130!( 

ssi 

11B.< 

looii 

83.8 

vs'.f 

49.t 

48.1 

II 


81.0 

01 !o 

91.0 

1st 

80.9 
69.3 

'M 

38:9 
36.0 

If 


71.5 

71^5 

f! 

ssio 

44.0 

30^3 

aaio 


62.0 

1* 

45.7 

-2aT 


IS 


120.4 


95.8 
9.'i!8 


82.0 


69!a 






37.3 


m 

24.0 

13!o 

sis 


60.0 

43.2 


32.E 


28.0 

it 

13.8 


85.3 
76,2 

sr!o 


69.4 

sz.e 

442 


55.B 

27.4 

11 


153.fl 

■a? 


10B.9 
8?!) 


20.1 


13.8 


4i:i 

32:0 
27.4 
22-9 


40.0 
33.8 


?S;S 

6S.2 

551 


69.1 

43:< 

32.4 

26.9 


Area, in.' 


10.00 


IHO 


JJO 


1.011 


12.« 


B.2B 


7.37 


BJl 


SJ3 


4.12 


a.oi 


2S! 


IJtt 


I.-i.in,» 
ra-i.in. 


3-40 

as.i 


i-ii 


!,[)8 


1.M 


6.BS 


1 


1 


i 


1 


d!78 


!,« 


1 


II 




S4 


23.8 


IS.7 


i3.e 


« 


31 Si 


» 


31 


la 


IS 


law 


au 


7M 


BiTeloulvuluasbuveiipmr ligiKg line arefarratiunCl^ net over en, III OBobelw 
linoB «8 lor raticn up lo 1:!0 i,'r Kui lb«6 below lower ligu* lino m ItPT ratiM not f«Er 


«if^ 1 


1 


8S4 ^^^^^^^^^M 


1 


■ 



A. '',2 


A 


X 1 


«L 


r 
1 


y 




k 



10 INCH CHANNEL COLUMNS 

Safe Loabs in THoosAKDa of Pounds 












CARNBQIB 


STBBL COMPANY 










10 INCH CHANNEL COLUMNS-Continued 






1 ^ 


BM 




^ „„, — ^. .— 

' Allowable Fiber Slreas per square Inch, 13.0«l 
A pounds for lengtlis ol au radii or under; reducad tor 
IpngthH over 00 railii, see speciflcatioDa. page lel. 


'a ^- 






1 












. WeiehtH do uot Include rivet hoada or othor 








^, 


details. 


' u' 












1^ 

,9 

1 


2-lDln OiamiBls 


.,.,.c.„* ^„^^ 


fj i"jll»Il"3 


h'h 


!\ 


111! 


s 


fs 


III! 


fHi 


■5 


hli\h\hMie 


J! 


kk 


i^ 


k 


1 


a 




s-i 


S- 


a-^ 


a? 


11 


,i, |_ ij5 




380 


306 


41B 


441 


454 






III 






419 


441 




13 


111 1 1 MIJ35 




380 




419 


441 


404 








.„. .j_ A. . ^1,-. liJ ^35 




380 












IIU 15J 




220 J5-' 


















10 


118 153 


lai 


220 252 


276 


208 


312 


335 


368 


380 


396 


419 


441 


4fM 


17 








275 






336 


368 


380 


396 


419 




464 


la 


iia JSa 


T§9 


2241252 


275 


298 


312 


336 


368 


380 


396 


410 


441 


464 


10 


nifTso 


184 


218 2S2 


276 


293 


313 


335 


368 




396 


419 




404 


20 




ua 


179 


211 352 


275 


29S 








3S0 






441 


464 


21 


» 


142 
139 


174 
189 


20S 


232 


275 


296 


312 


336 


368 


380 


396 


41B 


441 1 


m 

4^ 




251 


273 








3M 


374 


3^ 


410 


432 




oe 


J3j 


104 




246 


2«7 






323 


344 


365 


379 


401 


422 


443 


1 % 


^ 








241 








al6 


337 


357 


371 






433 






















aaa 






423 


M 


48 


la; 


149 


174 


230 


250 


270 


383 


30 


321 


34J 


353 


373 


93 


4 


87 






144 


iGli 




244 




275 


29 


313 


332 




364 




4 
































3 






























64 


3 


30 




108 


129 


149 




22Q 


244 


25B 




290 




319 


336 


54 




31 


81 


im 


124 


143 


203 


220 


2M 


24S 


265 


2S2 


2B9 


310 


327 


344 


36 




J«1 




































309 


333 


34 




e; 


lOfl 


12fl 


187 :'ft; ,-_■- .'i- -■■' 274 


284 


300 


315 


33 


^° l' ^^ 




1041120^82 INT 


„_ - 


286 




291 


30G 


320 


lm,in.- 


8S2;il.7 


l*.70l7-«4 


19.«|2i !:.■.■ i 






^ 




33.9Sl3i.Tg 


I,.,,i».* 


134 


1S8 


IHZ 


207 


4ie 


Hi 


£20 


4fll' 


J41 




m 


^33^ 


~fl7S 


~f3! 


TM 


rl-Ilu.. 


a.ef 


a.ei 


3.6S 


a.4i 


4.83 




4.7a 


tM 




4^8 


4.« 








H" 


iM.in.' 
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Safe Loads in Thodsands of Pounds 
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PLATE AND ANGLE COLUMNS— Continued 
Safe Loai>s ik Thousands of Podnds 

Allowable Fiber Stress per Bquare Inch, 13,000 
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PLATE AXD ANGLE COLUMNS— Continued 
Safe Loads in TaotrsASDa op Poundb 

AUowablB Fiber Stress por squuro Inch, 13,000 
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leugths over BO rndji. see speclQcatlouB. paec lei. 
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PLATE AND ANGLE COLUMNS-rContinued 
Safb Loads in Thousands of Pounds 
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PLATE AND ANGLE COLUMNS— Concluded 

Safe Loads in TaoirsANDa ok Podndb 

Fiber Stress per square Inch, 13.000 
■ radii or under; reduced lot 
speciScatioQS, page ISI. 
WelgbCs do not Include rivet liettds or otlier 
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TYPICAL COLUMN DETAILS 

Simplicity in delaila is essential t 
economical constructioD. To eliminate 
bending or secondary stresses, it ia 
deairabin in making deigns iiad detiiils 
that loatls be tnuiiimittcd from beama, 
girders and trusses to columns directly 
and with Ifio minimum number of 
conneeling piceca, rivets, or boitB, and 
that the rivets or bolts be stressed in 
shear or bearing only. 

The column connoctiona shown on 
this page and the two pages which fol- 
low represent the best niodern practice 
and conform to these fundamental 
conditions anil cover the range 
cases met with in ordinary mill a 
office building construction. 

Where columns rest on steel slabs 
or ctiBtings, the loads ore transmitted 
directly into the footing, and shoe 
angles may bo provided for proper 
anchorage. Where they rest on 
masonry, gusset plat«a may be re- 
quired to distribute the load. 

Columns should be milled to accu- 
rate bearing at joints, with splioeplates 
sufficient to hold the sections in line 
and to resist bendingstresses. Horizon- 
tal bearing plates must be used between 
column ecctions of different torraa or 
general dimensiotiB. Rivet spacing in 
colunin shafts and at Ijeam connections 
should be uniform to permit the use of 
multiple punches; spacing should be 
in multiples of one-quarter inch. 

Erection requirements should not 
be overlooked; beams should frame 
with ample clearances, particularly to 
column webs, and rivets should be 
countersunk or flattened where neces- 
MIJjIi BDILDIMQ COUJMN Gary to Swing beama VKlo ■^qsiWwq.. 
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TYPICAL COLUMN DETAILS 
Office Building Construction 
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TYPICAL ANGLE COLUMN 
Bearing on Masonry 



TYPICAL ANGLE COLUM15 
Bearing on Steel 
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TYPICAL COLUMN DETAILS 
Oppich Building Construction 



Scotion A.-A Section 
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.'TPICAL CHANNEL COLUMN 
BeaiiDB on Steel 




TYPICAL SPLICE 
AubIb Calumn Co Channel Colnn 



TyPICAL SPLICE! 
AmIb Columns, dlfferont a< 
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CAST IRON COLUMNS 
Allowable Unit Stresses in Pounds per Square Inch 

For Vaxious Ratios of Slendemess 
Proposed formula of New York Building Law: 9000-40 l/r lbs. per square inc 
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The safe load for a cast iron column of given dimensions is determine 
from the above table by obtaining the ratio of l/r and multiplying the correspom 
ing unit stress by the sectional area of column. 

Example: — Required the safe load of a cast iron column, 15 inches squar 
% inch in thickness, and 16 feet long. 

From table of Hollow Square Sections, page 187, the radius of gyratio 
is 5.78 inches and the sectional area is 49.44 square inches; hence the ratio < 
l/r = 16 X 12 H- 5.78 = 33.2, corresponding to a stress of 7672 pounds per squai 
Inch, giving a total safe load of 49.44 x 7672 = 379300 pounds. 

The minimum size of a cast iron column of a certain length to safel 
support a given load is determined as follows: 

Divide the length in inches by 70 ; the quotient is the minimum allowab 
radius of gyration required. Divide the total load by 6200 pounds ; the quotiei 
is the minimum sectional area. 

Example: — Required the minimum size of a round cast iron column, i 
feet long, to support a load of 235000 pounds. 

The minimiun radius of gyration is 20 x 12 h- 70 =3.43 inches ; the minimu 
area is 235000 -:- 6200 = 37.90 square inches. From table of Hollow Roimd S© 
tions, page 186, the nearest minimimi size for this radius of gyration and th 
area, is found to be a column 11 inches in diameter and 1 yi inches in thiclmes 
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CAST IRON COLUMNS 

ROUND CAST IRON COLUMNS 

Allowable Loads in Thodsandb of Podndb 

Br Proposed New York Building Law Formula 

Weights do not Include detaila 
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SQUARE CAST ffiON COLUMNS 














AuMWABLE Loads in Tbodsaitob oi" Podsds 






By Proposed New York BuUdlog Law Formula 
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FLOORS AND FLOOR LOADS 

Kinds of Lomds. Two kinds of loads are carried by structures. 
Live loads consist of the weight of carriages, cranes or other handling 
devices and their supported loads, machinery, merchandise, persons 
or other moving objects, the support of which is the purpose of the 
structure, including also wind stresses. Dead loads consist of the 
actual weight of the structure itself with the walls, floors, partitions, 
roofs, and all other permanent construction and fixtures. The 
dead loads stress the structure at all times and it must, therefore, 
be proportioned to sustain them at all times without reduction. 
The live loads may be taken at their full values or reduced in 
accordance with the probabilities that the structure as a whole 
or its principal members will not be subject at all times to the full 
theoretical live loading. 

Dead Loads. The permanent load should be calculated from 
known weights per unit of the material composing floors, partitions, 
walls, or other permanent construction. The weight assumed for 
the steel frame itself should be checked after the sections are 
determined and then the sizes readjusted if necessary. 

Lire Loads. Live loads vary with the character of the struc- 
tures. In buildings they consist of uniform loads per square foot 
of floor area, concentrated loads, such as heavy safes, which may 
be applied at any point of the floor, and uniform loads per lineal 
foot of beams or girders. The load which produces the maximum 
bending moment or reaction is to be used in proportioning sections. 
The floor system between beams must of course be of sufficient 
strength to transmit any concentrated load to the beam. 

In cities the minimum live loads to be used on the various classes 
of buildings are fixed by public ordinances, and are given on page 
312 for thC' principal cities of the United States in accordance with 
the most recent building laws, which are intended to cover general 
conditions and do not include machinery or other concentrations. 
If such concentrations, like safes, armatures, generators, or printing 
presses, occur on floors, special provision should be made for them 
in the floor framing. Flat roofs of buildings which may be loaded 
with people, should be treated the same as floors and the same 
uniform live loads used as given in the table for dwellings, hotels 
or assembly rooms. 
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FLOORS AND ROOFS 

MiNUtUU Live Loads, Pounds pes Sqcarb Foot 

By Building Laws of Various Cities 



BuiJding 



-3- ; 
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50 



Aparlmenlfi 50 

Public Rooms^ andHalls' 100 
Jlasembly nulla , , 

Ftxed Soat Auditoriumi.. 

Movable Sot 

AudltoriuoiH . . 
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Dancre Bulla 
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TheaWTB ,---,,,,,, 
DwellinBa 
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Bmall Stores 



First Floor 
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Reduced live Loads. Floor beams in buildings should be computed 
to sustain floor by floor the full live and dead loads. It is not 
probable that all the floors will be fully loaded at all times, and, 
therefore, good practice permits a reduction of the theoretical live 
load in the computations of column sections. The New York and 
proposed Pittsburgh building laws permit no reduction on columns 
supporting the roof and top floor. These building laws permit for 
buildings more than five stories in height on columns supporting 
each succeeding floor a reduction of 5 per cent of the total live floor 
load until 50 per cent is reached, which reduced load is to be used 
for the columns supporting the remaining floors. Pittsburgh build- 
ing law, however, does not permit any reduction of live floor loads 
over 150 pounds per square foot (bulk storage). The Chicago 
building law requires columns to sustain the full live load on 
roofs, 85 per cent of the full live floor load on the top floor with a 
5 per cent reduction on each succeeding floor down to 50 per cent. 

When the character of the loading will permit, it is also considered 
good practice to reduce the live load on the main girders to which 
the primary supporting beams are framed. The amount of the 
reduction will depend on the probable distribution of the loads. 

Foandatioii Loads. Footings should be SO designed that the loads 
they sustain per unit of area shall be as nearly uniform as possible, 
and the dead loads carried by the footings should include the actual 
weight of the superstructure and foundations down to the bottom 
of the footing. The live load should be assumed to be the same as 
the live load in the lowest tier of columns or in the footings under 
walls. According to the proposed New York building law, the 
area of the footing which has the largest percentage of live load to 
total load shall be determined by dividing the total load by the 
unit working stress. From the area thus calculated all the other 
footings of the building shall be proportioned according to the 
ratios of their respective dead loads only. In no case shall the 
load per square foot under any portion of any footing due to the 
combined dead, live, and wind loads, exceed the safe sustaining 
power of the soil upon which the footing rests. 

Fireproof Floor Systems. A modem office or mercantile building 
is essentially a steel framed structure which supports the dead load 
of the building and its contents and is itself protected on all sides 
by refractory materials. The floors are made fireproof by the use 
of terra cotta tiles or arches or of a composite flooring made of 
concrete or reinforced concrete. While brick arches may still 
be used in special locations where great floor strength is needed, 
and concrete arches are sometimes thrown beW^en \Xi^ Xi^^Ts^sa.^ 
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modern practice is limited substantially to the hollow tile arch 
sprung between the beams and the reinforced concrete slab laid 
on their tops, the ceiling construction being modified to suit. 
Each system has advantages of its own. 

Terra Cotta Arches. HoUow tile arches €dl the total depth of the 
floor beams, and, therefore, tend to stiffen and brace the building; 
their weight per square foot is light as compared with other forms 
of fireproof floor construction of equal strength. Hollow terra 
cotta floor arches are made either flat or segmental. The segmental 
arch will develop much greater strength than the flat arch of the 
same width and depth, and may be designed to carry a given load 
with tile of less depth than flat arches. They are, therefore, 
more economical, though not always acceptable from the stand- 
point of architectural appearance. In office buildings the ceilings 
under such arches are usually suspended. A correctly designed 
and constructed flat arch will always develop the full strength of 
the steel beam which supports it. 

When arch blocks are the same depth as the beams, they are 
usually laid to project IJ^ inches below the bottom of the beams, 
and the space above the arch is filled in either with cinder concrete, 
in which can be laid pipes, conduits, and wooden nailing strips 
supporting wood flooring, or with thin terra cotta blocks made for 
this purpose, or with a layer of plastic composition of cement, 
which forms the wearing surface for the floor. 

Thrust of Floor Arches. All forms of terra cotta arches produce side 
thrust on the floor beams. In the flat arch the blocks have tapered 
faces and the central block or key wedges the others together; in 
the segmental arch the thrust is that due to all arch action. These 
thrusts it is found necessary to counterbalance by means of tie rods ; 
which connect the floor beams and relieve them from the tendency 
to deflect sidewise. In the central bays, owing to the action of 
adjacent arches, the tie rods are sometimes omitted, but it is 
necessary to investigate outer beams and channels around openings 
for additional thrust stresses so that the combined fiber stresses 
produced by vertical loading and horizontal thrusts may not be 
excessive. With flat arches J^ inch tie rods spaced apart not over 
fifteen times the width of the beam flanges will usually be sufficient. 
The total thrust of arch, the net area of tie rods required, the maxi- 
mum distance between tie rods and the section of outer beams for 
any condition, may be found as follows: 
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Let 
w 



=load on arch, in pounds per square foot. 

L ==span of arch, in feet. 

Lb =length of floor beam supporting the arch, in feet. 

R =effective rise of arch, in inches. 

p =thrust of arch per lineal foot, in pounds. 

P =total thrust of arch per panel, in pounds. 

A ^total net area of tie rods per panel, in square inches. 

a =net area of one tie rod, in square inches. 

Ls =spacing of tie rods, center to center, in feet. 

f =allowable combined fiber stress not to exceed le.ooo pounds 
per square inch. 

Si-i ==Section Modulus of beam, axis 1-1, in inches^. 

S2-2 =Section Modulus of beam, axis 2-2, in inches^. 

Mi-i^Bending Moment due to vertical loading, inch pounds. 

M2-2^Bending Moment due to arch thrust, inch pounds; then, 

3wL2 



P 



2K— 

awL^Lb wL^Lb 

2fR 10667R 

2faR i0667aR 



p__3wI^Lb 

2R 



^ 3wL2 wL2 

j^ __(y3wL Lb) Lbi2 _ 3wLiS 



8 



M 



3-2= 



f = 



(pLs) Lsl2 __ ^j^^ 

+ 



12 

Mi-i i_ M2-2 



Si. 



S2-2 



In the formula given for M2-2, the beam is considered continuous 
and supported at intervals by the tie rods. In segmental arches 
the effective rise is equal to the vertical distance between the 
highest point of the concave surface and the springing line or chord ; 
the effective rise of a flat arch may be taken at 2.4 inches less than 
the arch depth. 

The net areas of the usual size tie rods are as follows: — 



Diameter of Rod, Inches 


Vb 


H 


H 


1 


Net area, a, square inches 


0.202 


0.302 


, 0.42ft 


V ^.^^*i 
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Bkamplk. — A floor paael 18 (eet by 6 feet, made ol 12 Inch flat terra cotN 
blocks, ia U> support a. imiform load, live and dead, of 150 pounds per sqoan 
loot. Bequlred tbe total ttirust. total area □' rode per panel, maximum 
spacing of rods, and the proper size beam to carry ono-lialf of the puiel without 
other lateral support than the tie rods. 

Entire panel load is 18i 6s 150^1 0,200 pounds. Assume a 12 Inch 31.i 
pound beam and ^ Inch tie rods, than we have — 

Thrust of arch per Itueol foot, p — 2(12 a 4 T^ ^*^ pounds. 



Total thrust ol arch. 
Total area of tie rods. 



" 2(12— 



0»6iiOaI8 



1S.200 pounds. 
-^^1.95 square Inches. 



■~ 10,667 ( 
Maximum spachig of tie rode, l^^ 'OWTh ^S02x{^2—2A) ^^j^ ^^^ 

Bending Momeot, vertical loading, M,-,=5ii^i^^l^i^=218.70O in. lbs. 

Beading Moment, horizon tal thrust, Ma-a~^*°'^'^^^^^^*' ^—27,680 hi. Ibf. 



Bending Monaeot. borizontal thrust. M2-2^S40i6x6=30,240 incb poundi. 
" S.700 , 30. 



Combined fiber stress, f: 

When used, tie rods should be placed 



14,030 pounds per square 

the line of thrust if 



possible, usually 3 inches above the bottom of the becim. 

MAXIMUM SPACING OF H INCH TIE RODS, 
Loads op lOO Poonds per SgnABO Foot 




For any other loading, multiply tabular values by 100 and divide 
by total new load per square foot. 

The tables which follow give the weights per square foot for ten* 
cotta arches, both flat and segmental, of various depths, their area 
in square inches, and the safe loads they will sustmn on various 
spans. These tables should be used as a general guide only, as 
conditions may make it possible to design more economical archea 
for a given load than indicated by the tables. Where a paneled 
ceiling is not objectionable, for example, a shallow arch may be used 
on raised skewbacks with a considerable economy in material. 



FLOOR CONSTRUCTION 



FLAT TERRA COTTA ARCHES 

manufactuberb' standard 

Safe Loads in Pounds peb Square Foot 
Factor of Safety = 7 





Depth of Arch, Inches 


Span 
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10 


12 


15 
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Area of Arch, Square Inches 




31 


34 


37 


40 


43 


49 


58 


3-0 


468 


588 


735 


901 


1084 


1487 


2210 


3-3 


386 


496 


622 


763 


916 


1262 


1877 


3-6 


330 


424 


531 


653 


786 


1083 


1612 


3-9 


284 


366 


459 


565 


679 


938 


1398 


4-0 


247 


318 


399 


493 


693 


820 


1223 


4-3 


216 


278 


350 


433 


521 


722 


1079 


4-6 


190 


246 


309 


382 


461 


640 


951 


4-9 


168 


217 


274 


340 


410 


571 


866 


6-0 


149 


193 


244 


304 


367 


511 


767 


5-3 
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218 


272 


330 


460 


691 


5-6 
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196 


245 


297 


416 


626 


6-9 
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176 


222 


269 


378 


569 


6-0 
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201 


244 


344 


618 


6-3 
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183 


222 


314 


474 


6-6 






131 


166 


203 


287 


436 


6-9 
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186 


264 


400 


7-0 








139 


170 


243 


369 


7-6 










144 


206 


316 


8-0 












177 


272 


8-6 












153 


236 


9-0 












132 


205 


9-6 














180 


10-0 














158 



This table and the two following are employed in computing the 
safe loads of floor arches of hollow terra cotta blocks. The area 
given is that of a cross section at right angles to the webs, and, 
generally, end-construction blocks of various shapes but of the same 
depth and cross-sectional area have equal strength. 

The weight of the terra cotta arch has been deducted from the 
safe load given in the tables, so that only the dead load of the 
concrete fill, plastering, etc., must be deducted to obtain the net 
safe live load for any arch and span ; blocks of different areas and 
for other factors of safety are calculated as follows: 

Example. — Required the load per square foot for a 5'-6" span and 8 inch 
arch blocks with three horizontal and four vertical webs, % inch thiols, set in end 
construction, cross-section through webs of blocks parallel to webs of beams. 

Sectional area of the blocks is8"xM"x4+(12"-4xM")x%"x3=44.25sq. in. 
at 0.06 pounds per cu. in., the weight is 44.25x12x0.06=32 pounds. 

The net safe load of the 8 inch block given in the table is 196 pounds. 
Adding the weight of the block, 37x12x0.06=26 pounds, the total safe load is 
222 pounds. The net safe load for blocks with an area of 44.25 sq. in. and a 
safety factor of 5 is (44.25-^37x222x7/5) — 32=340 pounds i?er s,<\.l\.. 

317 



CARNEQie STEEL COMPANY 





SEGMENTAL TERRA COTTA ARCHES | 
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SEGMENTAL TERRA COTTA ARCHES- 
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1% 


5-S 














425 


507 


554 




2 


5B1 


61 


909 


093 


2 


371 






623 




1 


2-2 


383 


468 


J72 


1 ** 


181 


233 


279 


304 




1« 


3 


477 


569 






227 


203 


350 


382 




l^j 


4de 


566 


6 6 


738 














1« 






































351 


451 


S39 


68B 




M 


212 


273 


326 


3B6 








































iW 














215 




331 


361 


12-6 


JH 


^■'O 


541 


646 




20-0 


1 i 


257 


330 








i?i 






74 




































610 






% 


■^)3 


"Ql 




341 








153 


183 


200 






272 


351 


4iq 


46'. 
















i}>i 












1S-* 


205 








13^] 


iW 
IM 


463 


6Pa 


^12 


??s 


"l-fl 


114 


243 


361 


375 


409 

472 




2 


521 


6 


801 


a 5 




2 


315 




485 






M 














113 


145 


174 


190 






253 


3-a 




426 










237 


250 




l!4 


316 


406 


485 






l*i 












iM 


3 4 










IJ^ 












15^ 














268 


344 




450 






481 


619 


740 


SOS 




2 * 


301 


377 


462 






M 


^34 


303 


268 


III 




^'* 


147 


190 


22? 


247 




IH 








491 




1 ^ 


186 


238 


284 


310 


15-0 


¥ 


317 


447 


534 


683 


23-0 


m 


























2^6 


369 


440 


481 




•A 


18- 
218 


200 


-49 


272 




34 




lai 


216 


230 




IH 












a* 




227 


272 


2»7 


18-0 


iH 










24-0 


1 i 


211 


272 








IH 


3 4 


4'(1 


575 


628 
















2 


420 


540 


B45 


Oo 




3 


274 
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TERRA COTTA ARCHES 

For 
ir Load of 150 Pounds per Square Foot 

j Depth I Dcptli D(!plii 





Appr<.i.W(ig!.l,LlH.p. 
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1 














5W 


n 


?? 


RO 






an 






.t» 








« 


«« 


4f; 
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TERRA COTTA PARTITION, CEILING, ROOFING AND 
FURRING BLOCKS 


ThiLk- 


Apprcn.WeiKlil.PoundB per Bq. Foot Thitk- 


Appnii. Woigbt. Pounds per Bq. Fool 


U.,\M 


pBrtition CdliDg 


H™fi«K|FuOTw iS, 


Fartitiun 


Crilmg 


Hoofing 


Furriis 




12-14 12 
15-17 20 


»i ■' i 


iS-20 
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REINFORCED CONCRETE BEAMS AND FLOOR SLABS 

To give a complete mathematical analysis of the stresses which 
occur in reinforced concrete structures is not within the scope of 
this book. For such an analysis reference may be made to standard 
text books on the theory and practice of reinforced concrete. 

Girders and Floor Beams. The arrangement of girders and floor 
beams follows the same principles as in structural steel construction. 
On short spans floor cross beams may be omitted or used only at 
columns to secure lateral stiffness. Beams are usually designed as 
tee beams, and thereby a part of the floor slab is utilized as a part 
of the beam. The width of the slab thus considered to act as part 
of the beam should not exceed five times the slab thickness. 

Floor Slabs. Reinforcement may be of small rods, wires or metal 
fabric, the latter especially on short spans. Cross reinforcement of 
small rods or wires about two feet apart laid parallel to the beam 
supporting the slab should be used to prevent cracks, shrinkage, 
etc. If the length of the slab exceeds 13^ times its width, the 
entire load should be carried by transverse reinforcement. The 
distribution of the load on a rectangular slab supported on four 
sides and reinforced in both directions may be approximately 
determined by the formula R=1*h- (1^+b*), where R is the ratio of 
the load, 1 the length and b the width of the slab. An effective 
bond should be provided at the junction of beam and slaB, and if 
the principal reinforcement of the slab is parallel to the beam, 
transverse reinforcement should be used extending over the beam 
and well into the slab. 

Spacinff of Reinforcing Bars. The lateral spacing of parallel bars 
should not be less than 2 J^ diameters, nor should the clear vertical 
space between layers of bars be less than J^ inch. The distance 
from the edge or side of the beam or slab should not be less than 
two diameters. 

Shear or Web Reinforcement. In the calculation of web reinforcement, 
concrete may be assumed to carry % to % oi the total shear; the 
remainder to be taken by additional reinforcement arranged in 
intervals equal to the depth of the beam. The usual method of 
reinforcing beams against failure by diagonal tension or shear is 
to use bent rods or stirrups in either vertical or inclined position. 
The longitudinal spacing of such rods or stirrups should not exceed 
^ of the depth of the beam. 

Formulas. The following formulas are those approved by the 
Committee of the American Society of Civil Engineers on Concrete and 
Reinforced Concrete (Proceedings. VoL XXXIX— No. 2, ¥^\>T\3a^3,^a^^»^ 
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Reinforced Concrete Beams — Notation 

Rgctangnlar Beams, Reinforcement for Tension only. 

fg =^Tensile unit stress in steel, in pounds per sq. inch. 

fc ^^Compressive unit stress in concrete, in pounds per sq. inch. 

Es =Modulus of elasticity of steel, in pounds per sq. inch. 

Ec =^Modulus of elasticity of concrete, in pounds per sq. inch. 

n =Elasticity ratio, Es-r-Ec. 

M =Bending moment, in inch pounds. 

Ms=Moment of resistance of steel, in inch pounds. 

Mc=^Moment of resistance of concrete, in inch pounds. 

A =5=Area of steel section, in square inches. 

b =Width of beam, in inches. 

d =Depth of beam to center of steel reinforcement, in inches. 

k :^Ratio of depth of neutral axis to effective depth, d. 

j =Ratio of lever arm of resisting couple to depth', d. 

z =Distance, top to resultant of compression, in inches. 

jd =Arm of resisting couple, in inches=d — z. 

p :^Ratio of steel area to area of rectangle, bd,=A-^bd, ' 

kd =Distance from top of beam to neutral axis, in inches. 

Tee Beams. 

b =Width of flange, in inches. 

b^ == Width of stem, in inches. 

t =Thickness of flange, in inches. 

p =Ratio of steel area to area of rectangle, bd,=A-5-bd. 

Rectangmlar Beams, Reinforced for Compression. 

A'' =Area of compressive steel, in square inches, 
p^ ^Steel ratio for compressive steel. 

fg =Unit compressive stress in steel, in pounds per sq. inch. 
C =Total compressive stress in concrete, in pounds per sq. inch. 

C =Total compressive stress in steel, in pounds per sq. inch. 

d^ =Depth to center of compressive steel, in inches. 

z =Depth to resultant of C+C^, in inches. 



Shear and Bond. 

V =Total shear, in pounds. 

fy =Unit shearing stress in concrete, in pounds per sq. inch. 

f u =Unit bonding stress in concrete, in pounds per sq. inch. 
/ ^^ =Sum of the perimeters of the tension bars. 
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REINFORCED CONCRETE BEAMS— FORMULAS 



Rectamgnlar Beams, Reinforeed for Taurioii only. 

kd =d(^/2pn+(pn)a -pn) 

z =ikd^ 

Mg=f^Ajd = fgPJbd* 

Mc= Kckibds 

M _ M 

Ajd — pjbd« 
2pls 




U = 



^s 



f _ 2M 
'-f-Ai*^ c — jkbda 

Steel ratio, balanced reinforcement, p = 7 — =-} 

« ig I ii 

TeeBeanui. 



'Hk^^] 



t*- b *) 



(*--fc--*i 




kd = 



2ndA + btg 
2nA + 2bt 



Neutral axis in flange — 
use formulas for rectangular beams. 

Neutral axis in stem — 

t(3kd— 2t) 
^ — 3(2kd— t) 



Mg=fsAjd 



Mc= 



fgbt (kd-it)jd 
kd 



f _ M _ 

'8 - Ajd ~ 

f _ Mkd 

^c - bt(kd-it)jd 



fcn(l-k) 
E 



Beetanffular Beams, Reinforced for Compression. 



r^-fc-*. 




kd = d ['^2n(p+p'g-')+n2(p+p')2 -n(p+po] 



ik8d+2p'nd'(k— ^) 
z = ii— 

k2+2p'n(k— ^') 

f _ M _ n fc(l--k) 
s - pjbda "" E 

i^c(k-4^) 

'" k 



S 



'c = 



6M 



bd.[3k-k»H.^(U^)a-^)] 



Shear and Bond. 

Rectangular Beams 

T Beams 



'V = 



bjd 



^ b'jd 



f --^ 
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The formulas are based upon the following assumptions: 

1. The applied forces are perpendicular to the neutral plane. 

2. The deformation of any fiber is proportional to its distance 
from the neutral axis. 

3. The resisting moment of the beam is the sum of the moments 
above the neutral axis, due to the concrete area in compression, 
and of those below the neutral axis, due to the steel area in tension. 

4. The tensile strength of the concrete is negligible. 

Bendinff Moments. If slabs and girders are reinforced over supports 
to take care of negative bending moments, they act as continuous 
beams, and the bending moment at the center of the span will be 
reduced. It is considered good practice to use the following values: 

Floor slabs, M at center and at supports^^rV wP. 

Beams, M at center and at supports=xV wP for interior 

spans, and -^ wP for end spans. 

If beams are freely supported at ends, M=J^ wl^. 

Columns. Columns may be reinforced by means of longitudinal 
bars, by bands or hoops, or by both. The general effect ef the 
banding or hooping is to permit the use of somewhat higher working 
stresses; the value p, given in the formula which follows, refers to 
longitudinal steel reinforceAent only: 

P =total load on columns, in pounds. 

Ac^area of concrete, in square inches. 

As=area of steel, in square inches. 

fk =unit compressive stress in steel, in pounds per sq. inch: 

P =fc (Ac+nAs) fk=nfc. 

Working Stresses. The following working stresses are in current use 
for reinforcing bars of medium structural steel and good Portland 
cement and gravel concrete of a 1:2:4 or 1:2J^:5 mixture: 

fc==unit compressive stress of concrete 650 lbs. per sq. in. 

fv=unit shearing stress of concrete, 

straight reinforcement 30 to 40 

special shear reinforcement 60 to 100 

fu=unit bond stress of concrete, 

smooth rods 60 to 80 '' " " " 

deformed bars 100 to 175 '' ^ u u 

fs =unit tensile stress of steel 16,000 '' '' '' " 

fk==unit compressive stress of steel. . 10,000 " ^' " " 
n =Es-Ec=15. 

For approximate calculations, the arm of the resisting couple, jd, 
may be taken at |d, and ordinarily accepted working stresses 
will not he exceeded if the steel ratio, p, does not exceed 0.01. 
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Explanation of Tables. Reinforced Concrete Slabs : The tables 
given on page 326 are based upon the preceding formulas for rect- 
angular beams, and upon fiber stresses of 650 pounds per square 
inch for concrete, 20,000 pounds for steel wire reinforcement, and 
16,000 pounds for steel bar or rod reinforcement. 

The bending moments are given in foot pounds per foot of width; 
below and to the left of the zigzag lines the values are determined 
by the maximum allowable fiber stress on steel; above and to the 
right they are determined by the maximum allowable stresses in 
concrete. 

The first column gives the total thickness of the slab, the sec- 
ond, the distance from the center of the steel to the bottom of the 
slab, and the third the approximate weight of concrete slabs one 
foot square. 

Example. — Bequired the reinforcement for a slab continuous at four sides 
and 5 inches thick to carry a superimposed load of 150 poimds per square foot 
over a clear span of 8 feet. 

As^^ming the weight of the concrete slab in poimds at twelve times the 
thicltness of the slab in inches, then the. weight of the slab per foot is 12x5 ==60 
pounds, and the total weight, W. for a span of 8 feet is (60+150)x8=1680 
pounds. 

M=WL -5- 12=1680x8 -J- 12=1120 foot-pounds. 

If triangle mesh is used, the steel area required by upper table, page 298, 
computed for a 5 inch slab, is, by interpolation, 0.185 square inches, equivalent 
by table, page 327, to triangle mesh style number 41. 

If medium structural steel bars or rods are used, the required area, by 
the lower table, page 326, is Q.24 square inches, and the sizes may be taken 
from page 114. 
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REINFORCED CONCRETE SLABS 
Bendino Moments in Foot Pounds per Foot of Wii>th 

Allowable Fiber Sueaa: Steel, 20,000 and Concrete. 650 Poimda per 8q. Inch 




111 



in SquKe lacliH per Foot Dt Vidlh 



JO ,4a M .60 .70 .§0 .flO 1 



13 loaag 10930 

TSl(ieflSil1337llMe 
a|l0500|ll0371l376|ll8; 
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TRIANGLE MESH CONCRETE REINFORCEMENT 




Imlnlmum), SG.OOO lbs. 
per squara inch 

Elastic Limit (mini- 
mum). SS.OOOlba. per 



Triangle Meah la a worea tabric ot cold drawn steel wire, providing a 
contlnuoua relntorcemeut, an even distribution of metat, and a perfect bond. 
Made vltb botb single and stranded tension members In lengths up to 
OO teet and In widths up to 68 Inches. 

TRIANGLE MESH— STYLB9, AREAS, AND WEIGHTS 



Itai:*— Lengths lGO,20I}aiid300leet. WklthB:IS,23.se,3D.34,33,42,46,50,M,Biid58iiiclM 



TriuiEle Meah !■ fiLmialied either witb or nitbttut gAlvADiEiUK; unloa otherwiK Rpecifed 
teriil will be ehipptd iiol islvanized. V 

StylfiB JDiAu* are uoiully o&med Id atock by AnKticbu SWA uA ^\n t^omyv^ . \ 
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BUCKLE PLATES 




Buckle Plates, as generally used on highway bridges with paved 
floors, are subjected to a concentrated live load due to the weight of a 
wagon or truck wheel and to a uniform dead load due to the weight of 
the roadway paving. 

Buckle Plates should be placed with the buckle turned down; then 
the live load which can be placed on a buckle in addition to the 
uniform dead load can be obtained from the following formula. Let: 

P :^Total allowable concentrated load on buckle plate, in pounds. 

w :^Uniform load, in poimds per square foot. 

d =Rise of buckle, in inches. 

1 =Length of buckle, in inches. 

b :^ Width of buckle, in inches. 

t =Thickness of buckle plate, in inches, 

p ^^ /300 fdt — 0.525 wlb\ 



; 



pounds, per buckle. 



\ 6 d + 15 1 

The following table gives, for a fiber stress of 9000 pounds, the 
maximum concentrated live load in pounds allowed on buckles (ttimed 
down), in addition to a uniform load assumed to be the average 
weight of paving, etc., of 120 pounds per square foot. 



ThicknefB of 
Buckle Plate, 

Inches 


Rise, d, in Inches 


2 


2H 


3 


SH 


V4 

% 


20000 
30000 
41000 
53000 


22000 
33000 . 
45000 
58000 


22000 
34000 
47000 
61000 


22500 
34000 
47500 
63000 



The total allowable uniformly distributed load which a buckle 
plate will safely support may be obtained from the formula: 
W = 12 fdt pounds, per buckle. 
When the buckles are turned up, use one-third of above values. 
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BUCKLE PLATES 



I'^T^ 



WidUu Df Flanga and Fille 



H 



3 3- S ! 

8 2- 2 i 
5-01 



13-63 

I a- 6 a 

• 3- » 3 



i 3-iojsiton 






PI 



Plain mtleel H", 
Plata of EKaterleDg 
All plBtcB an made w] 
adrain hole ahould be pur 
Buckles ot different 8J 






si^iciDg willi Urs, togln. or t<«. 

. Wben buckles an turned dmiii, 

Knuld be ebDHn on gkeUh. 

e coat of theplal«. 

r bolts. Diflerent eiicd hal« in 



or Buckis Plates shoulillDi 
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TROUGH PLATES 




[f a-— --^ a w a -^ a- 

I * 

Elements op Trough Plates 



■- 

Single Section 


Riveted Section 


Section 
Index 


Sise. 
Inches 


Weight 

per Foot, 

Pounds 


a, 
Inches 


d. 
Inches 


Weight per 

Square Foot, 

Pounds 


Sect 

Mod^ 

OneFool 

Inch 


M 14 
M13 
M 12 
Mil 
MIO 


9Hx3H 
9H^3H 
9Hx35i 
9Hx3M 
9H^3H 


23.2 
21.4 
19.7 
18.0 
16.3 


8 
8 
8 
8 
8 


6H 

6Ji 

6H 
6 


34.8 
32.1 
29.6 
27.0 
24.5 


15. 
14. 
13. 
11. 
10. 



Allowable Uniform. Load in Pounds per Square Foot 



Span 

in 

Feet 


Fiber Stress, 16000 Lbs. per Sq. In. 


Fiber Stress, 


12000 Lbs. per Sq. 


M14 


M13 


M12 


Mil 


MIO 


M14 


M13 


M12 


Mil 


5 


6647 


6093 


5547 


5030 


4561 


4986 


4570 


4160 


3773 


6 


4616 


4231 


3852 


3493 


3167 


3462 


3173 


2889 


2620 


7 


3392 


3109 


2830 


2567 


2327 


2543 


2331 


2124 


1925 


8 


2597 


2380 


2167 


1965 


1782 


1948 


1786 


1625 


1474 


9 


2052 


1880 


1712 


1553 


1408 


1539 


1410 


1284 


1164 


10 


1662 


1523 


1387 


1258 


1140 


1246 


1142 


1040 


943 


11 


1373 


1259 


1146 


1039 


942 


1030 


944 


860 


780 


12 


1154 


1058 


963 


873 


792 


866 


793 


722 


655 


13 


983 


901 


821 


744 


675 


738 


676 


615 


558 


14 


848 


777 


707 


642 


582 


636 


583 


531 


481 


15 


739 


677 


616 


559 


507 


554 


509 


462 


419 


16 


649 


595 


542 


491 


445 


487 


446 


406 


368 


17 


.575 


527 


480 


435 


395 


431 


395 


360 


328 


18 


513 


470 


428 


388 


352 


385 


353 


321 


291 


19 


460 


422 


384 


349 


316 


345 


316 


288 


261 


20 


415 


381 


347 


314 


285 


312 


286 


260 


236 



The values given in above tables are the safe loads per square foot < 
surface and are based upon the average resistance of the riveted portion 
distance, a. 

The weight of the plates are included in the safe loads and must be de 
to obtain the net superimposed safe load. 

Safe loads for other fiber stresses than those given in table may be ol 
from the values given by direct proportion of the fiber stresses. 

The weight per square foot does not include the weight ol rivet h« 
other details. 
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CORRUGATED PLATES 



EliBlitENTS or CORRDOATDD PliATES 



BinclaSntion 


BixMd SeclUin 
















BectJon 


8iw, 

iDChH 


'ST 


LutM 




Kte. 




M35 




23.7 






23.3 




Ma4 


12Al2)J 


20.3 


la 


»i 


20.1 


3.84 


M33 


12A I 2U 




2K 


17.5 


3.28 


M32 




12.0 






16.6 


1.06 


M31 




10.1 










M30 


sjiiiM 


8.1 


8« 


IM 


11.5 


1.10 



Allowable Uniform Load in Poitndb per Squaab Foot 



) M 35 M 34 M 33 I M 32 M 31 M 30 



The Talues given in nliove tallies ore the safe loads per squ&re loot of 
floor aurfnco and are based upon the average resistance of the riveted portion 
wltliln dlatonce.a 

The ireigbt of the pJntea are included in the safe loads and muBt be 
deducted to obtain tlie net superimposed safe load. 

Safe loads for other Olier stresses than those given in table may be 
obtained trom the values given by direct proportion ot the fiber stresseH. 

The weight per sQuare foot does not Inctude the Height ot splice bars. 

I lieads or other details. 
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CHECKERED PLATES 
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nr 
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rr 
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Elements of Checkered Plates 














tt 






P^a™'' 




■er- 


i^b^ ' 


-s. 


SncFoolWidlll. 


MM 


12 


BO 


>i 


214 


0.BOO 


M53 




a 






1S.9 


0.3S3 


M62 




?. 


ao 




ie.3 


0.Z81 


M51 






A 












H 




0.125 


M4B 12 


48 


.^ 


8-7 


0.070 


AuAWABXJ] Unipobu Load in Pounds per Sqcabb Foot 


t 


AMrttMli tnWO PoBiidp pw Squflndi 


FtbEStrtH, UDOOPamiihiwSqiiuiIiidi 


MM 


M.1 


M« 


MM 


MSO 


M4S 


M64 


M53 


M.2 


M61 


M50 


S60 


, 


fiSM 


4nR3 


•toon 


2nsa 


IS33 


7411 


4nnn 


aoM 


»24R 
























M.W 


140 




fllW 


4fl4 


:<:<:i 


WHl! 


14H 






;i40 


•^■ill 


17; 




62 




aaa 


•^Rfl 




isn 


«S 


47 


/nn 




141 


W 






I 


i« 


113 




fiS 


■^ 




Ju 


RR 


flK 


aa 








1119 


Wi 












«H 










s 


























" 


6tt 
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TbD values ulven In above tublu are the sato loads per Equare loo 
plat«)i tjupportM^ OD two aides only and are b^ed upon Ibe resiataaei 
rectanBular sections. 12 inchaa by the net section, t. 

The wuiaht of tliB plates ore Included tn Ibe sale loads and mua 
deducted to obtain the net auperbnpoHcd safe load. 

Safe loads for otbor fiber streasee than those Elven In table ma] 
obtained troai tbe valuii9 given by dlroct pmcocUaaot the Oher mtnaata. 
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ROOFS AND ROOF LOADS 

The design of roofs and the selection of suitable roofing materials 
depend on the character of the building, whether monumental, 
public, residence, mill or shop; permanent or temporary; geo- 
graphical location as regards allowance for snow and wind loads, 
and also availability of materials and familiarity of workmen 
with the construction; atmospheric conditions as concerns presence 
of industrial or other plants producing deleterious gases; water- 
tightness or resistance of the roof layers to penetration of water, 
snow or ice under storm and long continued exposure; wind 
resistance or the strength of materials to resist displacement of 
the entire surface or disruption between points of support; type 
and pitch of roof, whether self-supporting on wide spans or 
requiring the use of sheathing, and whether materials can be laid 
safely on steep surfaces. 

A good roof on a permanent structure should be fireproof from 
within as well as without, made of refractory materials supported 
by equally refractory framing. It should last without repair as 
long as the building stands without repair. Its maintenance cost 
should be low and its materials purchased on the probable life and 
service of the structure. 

Snow Loads. The snow loads on roofs vary with the geographical 
location, the altitude and humidity of the place, and with the slope 
of the roof. Where snow is likely to occur, the minimum load per 
horizontal square foot of roof should be taken at 25 pounds for all 
slopes up to 20 degrees; this load to be reduced one pound for each 
degree of increase in slope up to 45 degrees, above which no snow 
load need be considered. In severe climates these loads should be 
increased in accordance with actual conditions. Regard should 
also be taken to the possibility of partial snow load with local 
concentration. 

Wind Loads. These vary also with the geographical location and 
the slope of the roof, and, when not fixed by building laws, are 
usually taken as acting horizontally at 40 pounds per square foot 
on vertical surfaces of the most exposed structures, and 30 pounds 
on less exposed structures. On inclined surfaces only the normal 
components of the wind pressure need be considered. The following 
normal pressures are based on the formula given by Hutton: 

Pn = P(sina) l-84cosa— 1, ^here P is the direct horizontal 

pressure assumed at 30 pounds per square foot on the vertical 
surface and Pn the normal pressure on a unit of surface, sloping 
at angle a with the horizontal. 
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Normal Wind Pressure, in Pounds per 


Square Foot 


Slope 


FfeB8ure,Pn, 

per 

Square Foot, 

Ponnda 


Slope 


Pressure, Pn, 

per 

Sqiiare Foot, 

Pounds 


Slope 


Pressure, Pn, 

per 

Square Foot, 

Pounds 


Slope 


Pre8Bure,Fn, 

per 

Square Foot, 

Pounds 


6 
10 
15 


3.9 

7.2 

10.7 


20 
25 
30 


13.8 
17.0 
19.9 


35 
40 
45 


22.6 
25.0 
27.0 


50 
65 
60 


28.6 
29.6 
30.0 



For other pressures than 30 pounds per square foot, the values 
given above change in proportion. For slopes over 60° the values 
given for 60° are applied. 

Combined Roof LoadB. In climates corresponding to that of 
Pittsburgh, and where the roof loads are not fixed by building 
laws, ordinary roofs up to 80 feet span should carry the following 
minimum loads per square foot of exposed surface, applied verti- 
cally, to provide for dead, wind and snow loads combined. 



Roof Covering 



Gravel or 

Composition 

Roofing 



Slate 



on boards, flat slope, 1 to 6 or less 

on boards, steep slope, more than 1 to 6 

on 3 inch flat tile or cinder concrete .... 
Corrugated sheeting on boards or purlins 

[on boards or purlins 

lon 3 inch flat tile or cinder concrete 

Tile on steel purlins 

Glass 



Roof Load 

per 

Square Foot, 

Pounds 



50 
45 
60 
40 
50 
65 
55 
45 



/ 



For roofs in climates where no snow is likely to occur, reduce 
these loads by 10 pounds per square foot, but no roof or any part 
thereof should be designed for a total live and dead load less than 
40 pounds per square foot. 

Roof CoTerinff. As stated above, suitable protection of a building 
against rain, snow, etc., depends on the character and locatioii 
of the building, and the slope or pitch qf the roof. Tin, tar, gravel, 
asphalt roofings and similar compositions are used for flat roofs; 
slate, tiles, and tin are used for slant roofs of public buildings and 
residences, shingles for smaller dweUing houses, and corrugated 
sheeting for shops and warehouses. Slate, tile, tin, and shingles 
are usually attached to a layer of planking, called sheathing, 
which in turn is supported by rafters, often called jack rafters, 
resting upon the roof purlins, or placed directly upon the purlins 
of the roof. 
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Appbommatb Wbioht op Roofihg Mati 



-_,,_.-. No. 22 B. W. G 

Corrugated galvanized iron, No, 20 B. W. G. 
Corrugated galTBnized iron, No, 26 B. W. G. 

Felt, 2 layera 

Fait and asphalt or coal-tar. , 

GJaHS, Winch thick 

Lath and plaster celUng 

Lead. H Inch thick 

Maddte, 1 Inch thick, with plaster 

Sheathing, hemlock, I Inch thick 

Sheathing, white pine, apruco. 1 Inch tblc^ . 

"leathlng. yellow ploe, 1 Inch thick 

-Mngles, eiia inches, 6 InchBH to weather . . . 
Skylight, glass A">}i Inch' including frame 

Slag roof, 1-ply, with cement and aand 

Slate, fi fntSi thick. 3 Inch double lap 

Slate, A inch thick, 3 inch double lap 

Temeplat*, IC . . 
Temeplato. IX . . 



TlloB (pla 
■Tlies (Spi 
iSlnc, No, 



ipanUbJ , 



iO weather. . 



Root Trnuo. TruBseB are ussd where wide roof openinga are t< 
spanned; they form a atruoture of compression and tension raembors 
and produce vertical reactions under vertical loads; the total load 
of the roof, that is, the weight of the truss, purlins, roof covei 
ceiling, and often also the snow and wind load, is usually considered 

uniformly distributed load, equally divided between the two 
supports and producing equal and vertical end reactions. 

The purlins usually rest on the upper chord of the truss, trans- 
mitting to the latter the load of the roof covering, the wind aD( 
snow load, that of the jack rafters and their own, and are often si 
arranged as to carry the dead load directly to the truss joials or 
panel points to avoid transverse stresses. The distance between 
two coDsecutive joints of the top chord is the panel length, the dis- 
tance between two adjacent trusses the bay length. 

The transverse strength of the sheathing or of the corrugated 
iron used for the roof covering generally determines the sp 
between the jack rafters or thfi purlins. These purlins or rafters 
are small steel shapes, such as beams, channpls and angles 
wooden beams, it the roof is not of fireproof construotioa. 

Weight of TrnsHa. As a basis for the preliminary desigu of a steel 
truss for a given span, L, and a roof load of about 40 pounds per 
square toot, the approximate weight is: 

14 (j/L + ^ L) pounds per horizontal square foot. 

For greater loads multiply formula by ratio; load per sq. tt. + ' 
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TRUSSES — Formula for Stresses and Lengths 
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TRUSSES — Formulas for Stresses and Lengths 
W w 




2W 



-Ix- 



n=L/H=:2cot a 




PRATT TRUSS-4 PANELS 



Member 



Aa. Bb 
La 
Lc 
ab 
be 



Stress 



— H n xW 

+ 1 xW 

— M-/n«+16xW 



Length 



K L sec a 

H L 

H L 

)4 h 



>il/L2+16h' 



PRATT TRUSS-6 PANELS 



Member 



Aa. Bb 
Cd 
La 
Lc 
Le 
ab 
cd 
be 
de 



Stress 



+ v^na+ 4 
|-% n 
n 

|-% n 
+ 1 
+ % 



xW^ 
xWV4 
xWH 
xWV4 
xWH 
xWH 






Length 



Lsec a 
Lsec a 

L 
L 
L 
h 
h 




4W 
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PRATT TRUSS— 8 PANELS 



Member 



Aa. Bb 
Cd 
Df 
La 
Lc 
Le 
Lg 
ab 
cd 
ef 
be 
de 
fg 



Stress 



n 
n 
n 
n 



xW 
xW 






xW% 



+%T/ n2+ 4 xWH 
+%-/n2+_4xW% 
+%-/n2+ 4xW 

+ 1 
+% 

+ 2 

H4-/n2+i6xW 
-H4-/n2+36xW 
— i4i/n2+64xW 



xW 
xW 
xW 
xW 



Length 



L sec a 

L sec a 

L sec a 

L 

L 

L 

L 

h 

h 

h 



% 

V8t/ L2+ 16h2 
%(/ L2+36h2 
Hl/L2+ 64h2 



PRATT TRUSS— 10 PANEI^ 



Member 



Aa. Bb 
Cd 
Df 
Eh 
La 
Lc 
Le 
Lg 
Li 
ab 
cd 
ef 

gb 
be 
de 

fg 
hi 
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+%l/ n8+4 
+ 2i/ n3+4 
+^Al/ na+4 
+%-/n2+4 
— % n 



n 
n 
n 
n 
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xW 
xWA 
xWA 

xWA 



1—2 
-% 

+ 1 
+% 

+ 2 

+% 

-34i/ na+ 16 xW 
— 34T/ n2+ 36 xW 
— V4-i/ n2+ 64 xW 
H4i/n«+100xW 



Length 



Lseca 
Li sec a 
Lsec a 
Lseca 
L 
L 
L 
xWx\, L 
xW% L 
xW^ h 
xW% h 
xW% h 

xWMf h 

Al/ La+ie h« 
Al/ La+ 36ha 
^l/ l7+ 64h» 
A>/La+100h* 
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CORRUGATED SHEETS 

Corrugated sheets are used for roofs and sides of buildings. They 
are usually laid directly upon the roof purlins and held in place by 
means of clips of steel hoops which encircle the purlin and are 
placed about 12 inches apart. Special care must be taken that the 
projecting edges of the sheets at the eaves and gable ends of the 
roof are well secured, otherwise the wind will loosen the sheets. 

Corrugated sheets are made in the sizes given on opposite page, 
the size most generally used has nominally 2}^inch corrugations, 
actual width 2% inches, about J^ inch in depth. The gages frequently 
used for roofing are Nos. 20 and 22, U. S. Standard Gage. 

By one corrugation is meant the double curve between corres- 
ponding points, and by depth of corrugation the greatest deviation 
of the curved surfaces from the straight line. 

One and one-half corrugations are allowed for lap in the width 
of the sheet and 6 inches in the length for the usual quarter pitch 
roof; one corrugation in width and 4 inches in the length of the 
sheet is usually allowed for sidings. 

Corrugated sheets of 2, 2J^ and 3 corrugations are furnished in 
standard lengths of 5, 6, 7, 8, 9 and 10 feet and with a standard 
covering width of 24 inches, when laid with a lap of either one 
or one and one-half corrugations. 

By experiment it has been determined that corrugated sheet 
steel, 5^ inch deep and 0.035 inch thick, spanning 6 feet, began to 
give a permanent deflection with a load of 30 pounds per sq. foot, 
and that it collapsed with a load of 60 pounds per sq. foot. 
The distance between centers of purlins should, therefore, not 
exceed 6 feet and should preferably be less than this. 

Approximately the uniformly distributed safe load of corrugated 
sheets may be obtained from the formulas given below, using the 
following notations: — 

W=Total allowable uniform load, in pounds. 
b=Curvilinear width of sheet, in inches (b=1.075x covering 

width). 
l=Unsupported length of sheet, in inches. 
t=Thicknes8 of sheet, in inches. 
d=Depth of corrugations, in inches. 
f=Allowable fiber stress, in pounds per sq. inch. 

Then-W= 4bdt ^ _8L = 32fbdt 
incn. w 15 ^ 1 151 

for f= 12000, W = 25:60q_bdt 
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STEEL SHEET PILING 

The introduction of steel sheet piling in substitution for wood 
has made possible the extension and indeed the practical rejuvena- 
tion of the cofferdam method of making excavations. Its use has 
led to great ultimate economies, greater safety in working and to 
the extension in size and depth of open excavations to limits which 
otherwise were regarded as impossible of attainment. The cellular 
cofferdam, first used in the Black Rock Lock, Buffalo, is a very 
successful method for the elimination of the expensive, slow, and 
not always reliable, pneumatic caisson on work of large magnitude. 

Steel sheet piling by its positive interlock enables the sub-surface 
diaphragms of diaphragm dams to be made with a certainty not 
possible with wooden sheet piling, and with an economy not possible 
with concrete by reason of the elimination of the excavation 
necessary in the case of the ordinary puddle core, concrete core or 
masonry core wall. A diaphragm made of such imperishable 
materials fulfills all the requirements of the ordinary core wall with 
the additional advantage of accommodating itself, by its flexibility, 
to slight irregularities of settlement in the dam. It is also used in 
the construction of curtain walls, sea walls and loading slips, founda- 
tions for cylinder piers, sewers and trenches, etc. 

In addition to temporary cofferdams, steel sheet piling has found 
large use in the construction of permanent retaining walls for 
buildings. Driven before excavation in soils containing quick- 
sand or water-bearing strata, its use prevents the undermining of 
adjacent building foundations by movement of the strata. It also 
prevents in many cases the delay, expense and danger of under- 
pinning adjacent buildings. It may be employed in this way alone 
or reinforced by steel buckstays as shown in the illustration, which 
represents the method followed by D. H. Burnham & Company in 
constructing retaining walls for the Marshall Field and Stevens 
Building, Chicago, where sheeting with its attached buckstays was 
driven its full depth and the basement and sub-basement floors 
placed as the excavation went forward. The rigidity of the buck- 
stays with the bracing supported by the floors eliminated the 
necessity and expense of shoring. After excavation concrete was 
filled in between the buckstays and the total expense did not 
exceed 60 per cent, of its cost by the ordinary method. 

Types. The Carnegie Steel Company manufactures United 
States Steel Sheet Piling, Friestedt Interlocking Channel Bar 
Piling, and jSymmetrical Interlock Channel Bar Piling. 
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United States Sti^el Shopt Piling ia a, simple, plain, rolled Hentioii 
ready for use as it cornea from the mill without further fabrication. 
Each piece ia complete in itself and all pieces of the same width are 
interchangeable. Its profile incorporates the advuntagee of th 
ball and socket joint, with sufficient clearance in the interlock for 
easeindrivingandsulficientspacefor theuseof a packing substance 
between its adjacent edges to insure watertightnesa. United Statea 
Steel Sheet Piling ia more easily driven and pulled than any other 
section hitherto placed on the market. The reason for thiB 
believed to be the abeence of a leading groove combined with the 
line contact obtained in the joints, 

Frleatedt Interlocking Channel Bur Piling is a fabricated section 
made of channels and zee bars; unsymmetrical as regards adjacent 
pieces, one channel having two zee bars full length and the next 
adjacent channel being plain, that is, without zee bars. 

Symmetrical Interlock Channel Bar Piling is a fabricated seel 
made of channels and /ce bars in which each piece has a short 
bar on one edge and a long zee bar on the other. The long zee 
forma the interlock with the next adjacent section, while the short 
zee reinforces the top of the pile and serves to distribute the bli 
from the pile driving hammer over the width of the section. 

All tte sections have positive interlocks oonlinuous throughc 
the entirelength in both lateral and horizontal directions, affording 
maximum strength gainst ^idewise deflection, distortion or » 
ration of the pieces due to pri^ssures, deformation in dnviivv^ tt 
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Strensth of Section. When driven and under pressure, steel sheet 
piling must have strength similar to that possessed by any other 
beam loaded equally or unequally with earth or water pressure, 
and the resistance of the piling to transverse bending can be calcu- 
lated by the known laws of flexure from the properties of the section 
as given in the tables on page 345. In the case of Symmetrical 
Interlock Channel Bar Piling, the center line of the assemblement 
is not the center line of the individual members. Calculations are 
referred, therefore, to a theoretical neutral axis and give the pro- 
perties of the sections on the assumption that when interlocked 
they will act as a unit. In the case of United States Steel Sheet 
Piling, the properties of the individual pieces are the same as the 
properties of the sections interlocked in place. 

During driving the sections are forced to act as loaded columns, 

and the tables, therefore, show the radius of gyration of the sections 

for computing their compressive resistance under load or the blow 

of the pile driving hammer. The radius of gyration of the section, 

however, need not bear any definite proportion to its length and 

blocks of wood may be bolted to the leads of the pile driver if the 

piling shows a tendency to spring. As the piling actually enters 

the earth, it is supported laterally and stiffened by the adjacent 

soil, and the blows of the hammer need but overcome the friction. 

In an ordinary cofferdam braced in the usual manner, strength in 

the interlock to resist the tearing apart of the sections by direct 

tension in a longitudinal direction is not often required, but if it is. 

United States Steel Sheet Piling is recommended for use, as its 

longitudinal strength is greater than that of the fabricated sections. 

This interlock strength in a longitudinal direction depends on the 

type of section, the opening of the jaw, the character of the soil, 

etc., and can only be determined by tests. The average longitudinal 

strength per lineal inch of medium steel sections is as follows: 

9" United States Steel Sheet Piling 6,600 pounds 

\2y^" 38 lb. United States Steel Sheet PUiilg 10,000 " 

16" 39 lb. Symmetrical Interlock Channel Bar Piling 1,600 *' 

Steel sheet piling is usually made of medium steel manufactured 
to standard specifications. Where the construction is permanent 
and possible corrosion is a serious factor, it may be made of steel 
containing about 0.25% copper, experiments on which, as well 
as analyses of old structures, indicate that such an addition goes 
very far towards making the steel practically indestructible. 

Full information on this specialty and its various uses is given 
in a separate pamphlet entitled "Steel Sheet Piling," copies of 
which can be had on request. 
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STRUCTURAL TIMBER 

The strength of structural timbers depends upon a number of 
factors; the kind of wood, the age of the tree, the time of the year 
in which it was felled, the method of sawing, the character of the 
seasoning and therewith its moisture content, the proportion of 
heartwood to sapwood and the proportion of knots to clear wood. 

In consequence of these variable factors, the working unit stresses 
approved by the building laws of different cities vary widely, as 
well also as the unit stresses given in the proceedings of the various 
engineering associations. They go back in some cases to the 
studies made in 1895 by the Association of Railway Superintendents 
of Bridges and Buildings. 

The most recent studies in this direction have been made by the 
American Railway Engineering Association, and the tables for 
wooden beams and columns which follow are based on the working 
unit stresses for structural timbers adopted by that Association. 
The table of working unit stresses has been reprinted, by permission, 
from the Manual, edition of 1911. 

These unit stresses vary with the class of construction. They are 
intended, as noted, for railway bridges and trestles. For highway 
bridges and trestles and for buildings and similar structures, the 
unit stresses may be increased in accordance with the more quiescent 
character of the loading and freedom from deleterious weather 
conditions. The values are based on carefully selected timber 
purchased in accordance with the standard specifications of the 
Association and subject to careful inspection. 

The commercial timbers which are in common use in building 
construction will not meet these specifications, and, therefore, the 
unit stresses approved by good building practice as evidenced in 
the building laws of various cities are rightly lower. The tables 
as they stand are in accord with the average practice as represented 
by these building laws, and may, therefore, be used as they stand 
for ordinary building work executed with the commercial grades of 
timber, such as can be purchased in the open market. 

The allowable loads may be adjusted to other species of wood 
than those stated in the headings of the tables and to other unit 
stresses by the direct proportion which such unit stresses bear to 
those for which the tables are computed. In the case of columns 
the values may be adjusted to any working unit stress by direct 
proportion based on the relations of 1/d. 
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WORKING UNIT STRESSES FOR STRUCTURAL TIMBER 



rbe working unjt strcsBca giecn In the table are intended For F^lrood 
bridges and trestlus. For blgbwuy bridges and trestles, Ibe unit strt 
may be Increo^ed 25 per cent. For buildings and similar atructuros. In wblcb 
tho limber is protected Irom the neather and practically Iree Irom Impact, 
the miit Btreseea may be Increased 50 per cent. To compute the deflection 
ot a beam under long contJnued loading instead of that nben tiie loa 
flrai applied, only 50 per cent. o[ tho corrfapondlcg modulus of elsstldly 
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CARNEGIE STEEL COMPANY 



WOODEN BEAMS 

The safe load tables of wooden beams which follow, based upon 
the working unit stresses adopted by the American Railway 
Engineering Association, give the uniformly distributed safe loads 
for rectangular sections one inch thick; the safe load for a beam of 
any thickness is found by multiplying the tabular value by the 
thickness of the beam in inches. The safe loads include the weight 
of the beams and are computed on the assumption that the beams 
are braced against lateral deflection. These tables also give mini- 
mum and maximum spans and coefficients of deflection. 

The maximum safe loads as limited by the allowable shearing 
stresses along horizontal axes of beams have been calculated from 
the formula: Maximum safe load = % x area of section x safe 
unit stress for longitudinal shear. These liihits, indicated also by 
horizontal lines in the tables, should not be exceeded to avoid 
failure of the beam in horizontal direction of the grain of the wood. 

The theoretical deflection in the center of the span for uniformly 
distributed and permanently applied loads is obtained from the 
coefficients of deflection by dividing the depth of the beam, in 
inches, into the corresponding coefficient; the result obtained only 
approximates the actual deflection, as the modulus of elasticity 
varies with the moisture content of the wood. 

The deflection of beams intended to carry plastered ceilings should 
not exceed Vaeo of the span; the tables give the maximum spans for 
this limit and for uniform and permanently applied loads. 

For loads concentrated in the center of the span, use one-half the 
values for the tabular loads and four-fifths of the coefficients of 

deflection. For special cases of loading, see pages 194 to 199. 

Example 1. — Required the thickness and the approximate deflection of a 
beam of white oak, 14 inches deep, supporting a imiformly distributed and 
permanent dead and live load of 10,000 pomids over a span of 19 feet. 

The tabular value for a beam one inch thick and for a span of 19 feet is 
1,261 pounds; the required thickness is therefore 10,000-i- 1,261=8 inches, and 
the deflection is 20.72-^14=1.48 inches. 

Example 2. — Required the safe load of a beam of white pine, 8 inches 
deep and 6 inches thick, without exceeding the longitudinal shearing stress. 

The table gives for a corresponding beam 1 inch thick a safe load of 747 
pounds; the total safe load is therefore 6 x 747=4,482 pounds, or the' safe load 
which can be safely supported over a span of 8.6 feet. 

Example 3. — Required the safe load, concentrated in the center of a span 
26 feet long, and the deflection of a beam of longleaf pine, 18 inches deep and 
12 inches thick. 

The table gives for a corresponding beam 1 inch thick a uniformly distri- 
buted safe load of 1,800 pounds, or for a load in center of span 1,800-^2=900 
pounds; for a beam 12 inches wide the safe load is therefore 900 x 12=10,800 
pounds, and the deflection is approximately % x 32.75^18=1.46 inches. 
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RECTANGULAR WOODEN BEAMS— ONE INCH THICK 
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RECTANGULAR WOODEN 


BEAMS— ONE INCH THICK 1 




DOUGLAS FIR 




Allowable UNiroRn Load in Pounds | 




Maximum BsnillnB StrcK 


, 1200 Pounds per Square Inch 


Sy»= 


Depth c.B=^ in l.b« 
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1. 
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1« 


1» 


30 
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2 


267 
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^ 


107 
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7 


76 
67 


1^ 


686 
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9 










H»7 
















10 






















































194 


436 
























178 




711 






WW 


















369 


656 


1020 




2010 




















610 


952 


1371 


1867 


-SSL 










IS 






320 


569 


sss 


1280 


1743 


2276 










18 






300 


«3 


833 


n^ 


11^ 


ii^ 


w 








18 










741 


1007 


1462 












19 










702 


1011 










-°SL 












427 


667 


960 


1307 


1707 


2160 


2667 






21 










635 


914 


1244 


1625 


2057 


2540 


3073 


aw 


23 
















1552 


1964 




2933 






















1878 


2319 






2S 










556 


?8i 


!^I 


1365 


1728 




2581 


8073 


26 












738 


1005 


1313 


1662 


2051 


3482 


21154 


27 












711 


968 


1264 


1600 




2390 




28 












933 


1219 


1543 


005 


230S 


2748 


39 












1177 




839 


2326 


2648 


30 










871 


1138 


1440 








3t 






1 




843 


1101 


1304 


720 


20S2 


2477 


32 














667 
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3« 
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1004 


1271 


569 


1808 




36 












975 




524 


1S44 


2lM 


SB 












948 


1200 


1481 


793 


2133 


3T 














1108 
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RECTANGULAR ^ 


VVOODEN BEAMS-ONE INCH THICK 








L0N6LEAF PINE 




Allowable 


Uniform Load in Pounds 




Maximum Bending Stress, 1300 Pounds per Square Inch 


Span 






Depth of Beam in Inches 


m 
Feet 


2 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


2 
3 

4 
5 


8S0 


640 










1 










289 
193 

144 
116 


678 
462 




• 


6 

7 

8 
9 

10 


96 
83 
72 


385 
330 

289 
257 

231 


960 


1280 


1600 
















867 
743 

650 

578 

520 


1156 
1027 

924 


1444 


11 
12 

13 
14 

15 




210 
193 


473 
433 

400 
371 

347 


840 
770 

711 
660 

616 


1313 
1204 

1111 
1032 

963 


1920 


8240 


2660 










1891 
1733 

1600 
1486 

1387 


2178 
2022 

1887 


2465 


16 
17 
18 

19 
20 


t 




325 


578 

544 
514 

487 
462 


903 

850 
802 

760 
722 


1300 

1224 
1156 

1095 
1040 


1769 

1665 
1573 

1490 
1416 


2311 

2175 
2054 

1946 
1849 


2880 


8200 






2753 
2600 
2463 
2340 


• 


3041 
2889 


8620 




3496 


21 

22 
23 
24 
25 










688 

657 
628 
602 


991 

945 
904 
867 
832 


1348 

1387 
1231 
1180 
1132 


1761 

1681 
1608 
1541 
1479 


2229 

2127 
2035 
1950 
1872 


2751 

2626 
2512 
2407 
2311 


3329 

3178 
3040 
2913 
2796 


8840 


3782 
3617 
3467 
3328 


26 
27 

28 
29 
30 












800 
770 
743 


1089 

1049 

1011 

976 

944 


1422 
1370 
1321 
1275 
1233 


1800 
1733 
1671 
1614 
1560 


2222 
2140 
2064 
1992 
1926 


2689 
2589 
2497 
2411 
2330 


3200 
3082 
2971 
2869 
2773 


31 
32 
33 
34 
35 














913 

885 


1193 
1156 
1121 
1088 
1057 


1510 
1463 
1418 
1377 
1337 


1864 
1806 
1751 
1699 
1651 


2255 

2185 
2119 
2056 
1998 


2684 
2600 
2521 
2447 
2377 


36 
37 
38 
39 
40 










1 

1 
1 






1027 


1300 
1265 
1232 
1200 
1170 


1605 
1562 
1521 
1482 
1444 


1942 
1890 
1840 
1793 
1748 


2311 
2249 
2189 
2133 
2080 



Horizontal lines indicate the limit for resistance to diear mt\yeYiot\LotL\a\^««::NkQ>\^c^*Cvv%>s:^^ 
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CARNEGIE STEEL COMPANY 



RECTANGULAR WOODEN BEAMS— ONE INCH THICK 

SHORTLEAF PINE, WESTERN HEMLOCK AND WHITE OAK 

Allowable Uniform Load in Pounds 
Maximum Bending Stress. 1100 Poimds per Square Inch 



Span 

in 

Feet 



2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 



Depth of Beam in Inches 



10 



12 



14 



16 



18 



20 



22 



24 



847 



245 

163 

122 

98 

82 
70 
61 



693 



652 



489 
391 

326 
279 
245 
217 
196 

178 
163 ! 



1040 



880 



733 
629 
550 
489 
440 

400 
367 
338 
314 
293 

275 



1887 



1304 

■iii"7 



978 
869 

782 

711 
652 
'602 
559 
522 

489 
460 
435 
412 
391 



1733 



1528 
1358 
1222 



1111 

1019 

940 

873 

816 

764 
719 
679 
643 
611 

583 
556 
531 
509 



2060 



1956 
i'760 



1600 
1467 
1354 
1257 
1173 

1100 

1035 

978 

926 

880 

838 
800 
765 
733 
704 



2427 



2396 
2178 



1996 
*i843 
1711 
1597 

1497 
1409 
1331 
1261 
1198 

1141 

1089 

1042 

998 

958 



677 


921 


652 


887 


629 


856 




826 




799 




773 




749 



2778 


8120 




2607 


2407 


3046 


■2235 


2829 


8467 


2086 


2640 


3259 


1956 


2475 


3055 


1841 


2329 


2876 


1738 


2200 


2716 


1647 


2084 


2573 


1564 


1980 


2444 


1490 


1886 


2328 


1422 


1800 


2222 


1361 


1722 


2126 


1304 


1650 


2037 


1252 


1584 


1956 


1203 


1523 


1880 


1159 


1467 


1811 


1118 


1414 


1746 


1079 


1366 


1686 


1043 


1320 


1630 


1009 


1278 


1577 


978 


1238 


1528 


948 


1200 


1482 


920 


1165 


1438 


894 


1131 


1397 


869 


1100 


1358 




1070 


1321 




1042 


1287 




1015 


1254 




990 


1222 



8818 



3697 
3480 
3287 
3fl3 
2958 



2817 
2689 
2572 
2465 
2366 

2275 
2191 
2113 
2040 
1973 

1908 
1849 
1793 
1740 
1690 

1643 
1599 
1557 
1517 
1479 




3352 

Hoo" 

3061 
2933 
2816 

2708 
2608 
2514 
2428 
2348 

2271 
2200 
2133 
2071 
2011 

1956 
1903 
1853 
1805 
1760 



Upper, middle, and lower horizontal lines indicate the limits for resistance to shear in the 
borizoiital direction of the grain of Shortleaf Pine, White Oak, and Hemlock respectively. 
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TIMBER SAFE LOADS 



RECTANGULAR WOODEN BEAMS— ONE INCH THICK 

white pine 

Allowable Uniform Load in Pounds 
Maximum Bending Stress, 900 Pounds per Square Inch 



Span 


Depth of Beam in Inches 


in 
Feet 


2 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 


24 


2 


187 


878 






















3 

4 


133 
100 

80 




. 6 


320 




6 


67 
57 
50 


267 

229 
200 

178 
160 


6eo 


747 


















7 
8 


514 
450 

400 
360 




9 
10 


711 
640 








145 
133 


327 
300 

277 
257 

240 


582 
533 

492 
457 

427 


988 


1120 


1807 












11 
12 


909 
833 

769 
714 

667 




13 

14 


1108 
1029 

960 




15 


1307 




16 

17 






225 


400 
377 

356 
337 

320 


625 

588 

556 
526 

500 


900 

847 

800 
758 

720 


1225 
1153 

1089 
1032 

980 


1498 


1680 








18 
19 


1422 
1347 

1280 




20 


1620 




21 










476 

455 
435 

417 


686 

655 
626 

600 
576 


933 

891 
852 

817 
784 


1219 

1164 
1113 

1067 
1024 


1543 
1473 
1409 

1350 
1296 


1867 


2058 




22 
23 


1818 
1739 

1667 
1600 




24 
25 


2017 
1936 
















554 
533 
514 


754 
726 
700 
676 
653 


985 
948 
914 
883 
853 


1246 
1200 
1157 
1117 
1080 


1538 
1481 
1429 
1379 
1333 


1862 
1793 
1729 
1669 
1613 


2240 


26 
27 
28 
29 
30 


2215 
2133 
2057 
1986 
1920 


31 
32 
33 
34 
35 














632 
613 


826 
800 
776 
753 
731 


1045 

1013 

982 

953 

926 


1290 
1250 
1212 
1176 
1143 


1561 
1513 
1467 
1424 
1383 


1858 
1800 
1746 
1694 
1646 


36 
37 
38 
39 
40 
















711 


900 
876 
853 
831 
810 


1111 
1081 
1053 
1026 
1000 


1344 
1308 
1274 
1241 
1210 


1600 
1557 
1516 
1477 
1440 



Horizontal lines indicate the limit for resistance to shear in the horizontal du^cXkso.Q'l'Ct^^^i^^^s^ 
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CARNEGIE STEEL COMPANY 



RECTANGULAR WOODEN BEAMS— ONE INCH THI 

SPRUCE 

Allowable Uniform Load in Pounds 
Maximum Bending Stress, 1000 Poimds per Square Inch 



Span 


• 

Depth of Beam in Inches 


in 


























Feet 


2 


4 


6 


8 


10 


12 


14 


16 


18 


20 


22 




2 


187 


878 






■ 








1 






3 

4 


148 
111 

89 








5 


356 




6 

7 


74 
63 

56 


296 
254 

222 

198 

178 


seo 


747 


















8 
9 


500 
444 

400 


1 

1 




10 


711 










11 




162 
148 


364 

333 
308 
286 

267 


646 

593 
547 
508 

474 


968 


U90 














12 
13 
14 


926 
855 
794 

741 




16 


1067 




16 






250 


444 

418 
395 
374 

356 


694 

654 
617 
585 

556 


1000 
941 
889 

842 

800 


1807 


1498 










17 
18 
19 


1281 
1210 
1146 

1089 




20 


1422 




21 










529 

505 

483 

463 


762 

727 
696 

667 
640 


1037 

990 
947 

907 

871 


1354 

1293 
1237 

1185 
1138 


1680 


1867 






22 
23 


1636 
1665 

1600 
1440 




24 
25 


1852 
1778 




26 












615 

593 

671 


838 

807 

778 


1094 

1053 
1016 


1385 

1333 
1286 


1709 

1646 
1687 


2068 




27 

28 


1992 
1921 




29 
30 














751 
726 


981 
948 


1241 
1200 


1533 
1481 


1854 
1793 




31 
32 
33 
34 
35 














703 

681 


918 
889 
862 
837 
813 


1161 
1125 
1091 
1059 
1029 


1434 
1389 
1347 
1307 
1270 


1735 
1681 
1630 
1582 
1537 




36 
37 
38 
39 
40 
















790 


1000 
973 
947 
923 
900 


1235 
1201 
1169 
1140 
1111 


1494 
1453 
1415 
1379 
1344 





Horizontal Imea indicate the limit for resistance to shear in the horizontal direction of thi 
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TIMBER SAFE LOADS 



WOODEN COLUMNS 

The safe load tables of wooden columns which follow, based 
upon the working unit stresses adopted by the American Railway 
Engineering Association, give the allowable direct compressive 
loads for square and round columns. 

The safe loads of rectangular columns may be found from the 
safe loads of square columns by direct proportion of areas, using 
the safe load unit stress of the square column whose side is equal 
to the least side of the rectangular section. 

The following table gives the safe load in pounds per square inch 
of sectional area for ratios of 

J effective length of column, in inches 

d least side or diameter, in inches ' 
ranging between limits of 15 and 30. 

Unit Working Stresses in Pounds per Square Inch 









Shortleaf 










Lon^eaf 


Douglas Fir, 


Pine, 


White Pine, 


Red Cedar, 


Norway 


1 
T 


Pm4 
White Oak 


Western 
Honloek 


Spruce, 
BaldCypresB 


Tanaraok 


Redwood 


Pine 




1300(l-4/d60l 


1200(1— l/d80) 


1100(1— l/d60) 


1000(1— l/d6b) 


900 (1— l/d60) 


800(1— l/d«0) 


15 


975 


900 


825 


750 


675 


600 


16 


953 


880 


807 


733 


660 


587 


17 


931 


860 


788 


717 


645 


573 


18 


910 


840 


770 


700 


630 


560 


19 


888 


820 


752 


683 


615 


547 


20 


867 


800 


733 


667 


600 


533 


21 


845 


780 


715 


650 


585 


520 


22 


823 


760 


697 


633 


570 


507 


23 


802 


740 


678 


617 


555 


493 


24 


780 


720 


660 


600 


540 


480 


25 


758 


700 


642 


583 


525 


467 


26 


737 


680 


623 


567 


510 


553 


27 


715 


660 


605 


550 


495 


440 


28 


693 


640 


587 


533 


480 


427 


29 


672 


620 


568 


517 


465 


413 


30 


650 


600 


550 


50d 


450 


400 



ExAMPLB 1. — Required the allowable load for a column of white oak 
10" X 8", 14 feet long. 

The safe load given in the table for a square white oak column 8" x 8", 
14 feet long, is 54,100 pounds. The load for the 10" x 8" section Is 
10 X 54,100 -^ 8 = 67,600 pounds. 

Example 2. — Required the allowable load for a spruce pile, 9" diameter 
and 18 feet long. 

The imit stress given in the above table for the corresponding ratio of 
1/d, 18 X 12 -3- 9 = 24 is 660 pounds, and the sectional area for a 9" round is 
63.62 square inches. The safe load, therefore, is 63.62 x 660=42,000 ^o\rcv^^. 
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CARNeaiE STEEL COMPANY 



SPECIFIC GRAVITIES AND WEIGHTS 


SubaUnce 


K; 


crFt. 


Sdbrt^t. 


0^.; 


Wei^l, 1 
Fom>li 


Hetol«,AUi>y>.D»i 

bnnue 

C™er.c«t^ll»f 


S-i*7 
Bi6-lfl,3 

2.6-3.0 

8.B-B5 
8.8-9.0 

a.9-1.2 
o!bo-o.o7 

0!7O-L15 

o.Ba-o.BO 


sw 

120S 

too 
Its 

Z2i 
IfiD-lSO 
130-lSO 

17! 
710 

as9 
im 

440 

4S 
47 


Alb, white-red.... 


D.W-O.M 

o.a2-ojs 
oisi 

a.43'-D.BS 

_ oiss 

oiM 
0.74 

0:41 

Is 

0.40-0.4S 
0:41 

I'k 

O,ftl-0,04 


M 

30 

2S 
41 

38 
41 

43 
33 

id 
27 

IIJ 

i» 

It 

,05071 

!ll7Bl 
.O28.,0M 
.038-.OM 

.0784 
.089! 


Chatout 




















■■ ore,homiUU; 












:-;■--"":::::: 










■■ jdloK.long-lMf.... 
■■ iton-l«f... 

Poplu.. 

RHi™d,CWitomi£... . 

Spruea, while, blBtk 

Walput. liUck 

SraWDDd boher l.i (o 207; 
Graec timber up loSO%.. 

Tarlou Llqolda 




j^^f^TOBriiii.::: 


Plalinnm, cBrt-bBDUDemJ. 


" are, bleodc 

Tarimi Solida 

Cer«I>.inU, ^^ ' 

Cotton, FUi, Hemp .... 


■' Kilphlirlc BT%'.'.'. 

SffiS-i.::"*::: 


w-.-Jfi'-S,, 


Fil.-i^v.:::;;:;:; . 

'■ piMBd 

Gl;«,.ommo= 

" ptoKr or crowD 

Leilher 

Paper 


" «inw,fr«hfiUlen,. 


Ga«».Air=l 

Air, irC, 780 mm 






Carbon nwniiiids 




S-:::::::.:::;::: ■ 


TLespKificEmvitifflof 
Kill 760 mm pressure. Th 


Htishla p 
ghUstefM 


iguidere 
'biSt.ha 


rtow.leret4=C„tb(Beo( 
Sd^l™'m»ter^T«°* 


l°^iBir 


a 8tO°C. 



PHYSICAL PROPERTIES OF SUBSTANCES 



SPECIFIC GRAVITIES AND WEIGHTS 



Substance 



Ashlar Masonry 

Granite, syenite, gneiss. . . 

Limestone, marble 

Sandstone, bluestone 

Mortar Rubble Masonry 

Granite, syenite, gneiss — 

Limestone, marble 

Sandstone, bluestone 

Dry Rabble Masonry 

Granite, syenite, gneiss — 

Limestone, marble 

Sandstone, bluestone 

Brick Masonry 

Pressed brick 

Common brick 

Soft brick 

Concrete Masonry 

Cement, stone, sand 

" slag, etc 

" cinder, etc 

Yarions Bnildinff Mat'l 

Ashes, cinders 

Cement. Portland, loose. . . 

SC u • • • . . 

Lime, gjrpsum, loose 

Mortar, set..* 

Slags, bank slag 

" " screenings 

" machine slag 

" slag sand 

Earth, etc., Excavated 

Clay, dry 

" damp, plastic 

Clay and gravel, dry. ..... 

Earth, dry, loose 

" packed 

" moist, loose 

" packed 

" mud, flowing 

" packed 

Riprap, limestone 

" sandstone 

" shale 

Sand, gravel, dry, loose. . . 
packed, 
wet 



Specific 
Gravity 






Excavations in Water 

Sand or gravel 

and clay... 

Qay 

River mud 

Sail ^.:,.., 

Stone riprap ; . . 



2.3-3.0 
2.3-2.8 
2.1-2.4 

2.2-2.8 
2.2-2.6 
2.0-2.2 



1.9-2.3 
1.9-2.1 
1.8-1.9 

2.2-2.3 
1.8-2.0 
1.5-1.7 

2.2-2.4 
1.9-2.3 
1.5-1.7 



2.7-3.2 
1.4-1.9 



Weight, 
Pounds 

per 
Cu. Ft. 



165 
160 
140 

155 
150 
130 



130 
125 
110 



140 
120 
100 



144 
130 
100 



40-45 

90 

183 
63-64 

103 
67-72 
98-117 

96 
49-55 



63 
110 
100 
76 
95 
78 
96 
108 
115 
80-85 
90 
105 
90-105 
100-120 
118-120 



60 
65 
80 
90 
70 
65 



Substance 



Minerals 

Asbestos 

Bary tes 

Basalt 

Bauxite 

Borax 

Chalk 

Clay, marl 

Dolomite 

Feldspar, orthoclase . . . . 

Gneiss, serpentine 

Granite, syenite 

Greenstone, trap 

Gypsum, alabaster 

Hornblende 

Limestone, marble 

Magnesite 

Phosphate rock, apatite 

Porphyry 

Pumice, natural 

Quartz, flint 

Sandstone, bluestone 

Shale, slate 

Soapstone, talc . 



Stone, Quarried, Piled 

Basalt, granite, gneiss 

Limestone, marble, quartz . 

Sandstone 

Shale 

Greenstone, hornblende . . . 

Bituminous Substances 

Asphaltum 

Coal, anthracite 

" bituminous — 

" lignite 

" peat, turf, dry 

" charcoal, pine 

" oak 

" coke 

Graphite 

Paraffine 

Petroleum.. 

" refined 

" benzine 

" gasoline 

Pitch..... 

Tar, bituminous 



Coal and Coke, Piled 

Coal, anthracite 

" bituminous, lignite . 

" peat, turf 

" charcoal 

" coke 



Specific 
Gravity 



I Weight. 
Pounds 

per 
Cu. Ft. 



2.1-2.8 

4.50 
2.7-3.2 

2.55 
1.7-1.8 
1.8-2.6 
1.8-2.6 

2.9 
2.5-2.6 
2.4-2.7 
2.5-3.1 
2.8-3.2 
2.3-2.8 

3.0 
2.6-2.8 

3.0 

3.2 
2.6-2.9 
0.37-0.90 
2.5-2.8 
2.2-2.5 
2.7-2.9 
2.6-2.8 



1.1-1.5 

1.4-1.7 

1.2-1.5 

1.1-1.4 

65-0.85 

28-0.44 

.47-0.57 

1.0-1.4 

1.9-2.3 

87-0.91 

0.87 
79-0.82 
73-0.75 
66-0.69 
07-1.15 

1.20 



153 
281 
184 
159 
109 
137 
137 
181 
159 
159 
175 
187 
159 
187 
165 
187 
SOO 
172 
40 
165 
147 
175 
169 



96 
95 
82 
92 
107 



81 
97 
84 
78 
47 
23 
33 
75 
131 
56 
54 
50 
46 
42 
69 
75 



47-58 
40-54 
20-26 
10-14 
23-32 



The specific gravities of solids and liquids refer to water at 4°C., those of gases to air at 0"C. 
Tan ?- . wn. : lx_ p^^ cubic foot are derived from ave 

for bulk, heaped or loose material^ etA. 



and 760 ram pressure. ^' S^he weights per cubic foot are derived from average specific gravities! 
except where stated that weights are 
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CARNEQIE STEEL COMPANY 



CONTENTS OF STOUAGE WAREHOUSES 




PHYSICAL PROPERTIES OP SUBSTANCES 



CONTENTS OF STORAGE WAREHOUSES 



Material 



Baildinff Materials 

Cement, Natural. 

" Portland.. 

Lime and Plaster 

B[ardware, Etc. 

Door Qiecks 

Hinges 

Locks, in cases, packed 

Sash Fasteners 

Screws 

Sheet Tin, in boxes 

Wire Cables, on reels 

Wire, Insulated Copper, in coils 

Wire, Galvanised Iron, in coils 

Wire, Magnet, on spools , 

Drngi, Paints, Oil, Etc 

Alum, Pearl, in barrels 

Bleaching Powder, in hogsheads 

Blue Vitriol, in barrels 

Glycerine, in cases 

Linseed Oil, in barrels 

Linseed Oil, in iron drums 

Logwood Extract, in boxes 

Rosm, in barrels 

Shellac, Gum 

Soda Ash, in hogsheads 

Soda, Caustic, in iron drums 

Soda, Silicate, in barrels 

Sulphuric Acid 

White Lead Paste, in cans 

White Lead, dry 

Red Lead and Litharge, dry 

Misoellaneoas 

Glass and Chinaware, in crates 

Hides and Leather, in bales 

Hides, Buffalo, in bundles 

Paper, Newspaper, and Strawbokrds 

Paper, Writing and Calendared 

Rope, in coils 



Weights 

per 

Cubic Foot 

of Space, 

Pounds 



59 
73 
53 

45 
64 
31 

48 
101 
278 

63 
74 
76 

33 
31 
45 
52 
36 
45 
70 
48 
38 
62 
88 
53 
60 

174 
86 

132 

40 
20 
37 
35 
60 
32 



Height 

of Hie, 

Feet 



6 
6 
5 



5 
6 



6 

3H 
5 

6 
6 
4 
5 
6 
6 
2% 

6 

1% 
3^^ 
4% 
3% 

8 
8 
8 
6 
6 
ft 



Weights 

per 

Square Foot 

of Floor, 

Pounds 



354 
438 
265 



556 
425 
316 
333 
460 

198 
102 
226 
312 
216 
180 
350 
288 
228 
167 
294 
318 
100 
610 
408 
495 

320 
160 
296 
210 
360 



Recommended 

Live Loads, 

Poundsper 

Square Foot 



' 300 to 400 



300 to 400 



200 to 300 



} 

\ 



300 
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P/HYSICAL PROPERTIES OF SUBSTANCES 



/ 



STRENGTH OF MATERIALS 



Stresses per Square Inch 



Metal and Alloys 



Stresses in Thousands of Pounds 



- 0) 

a +; 
o a 



HP 



Steel 

Shapes, Plates, Bars* 

" bridges 

" buildings 

" care 

" locomotives 

" ships 

Boiler Plates* 

" firebox 

" " flange plates 
Rivets* 

" boilera 

" bri 
" buil 

" care 

" ships 

Concrete Bare* 

" plain, structural grade 
" " intermediate — 

" hard 

" deformed ,struct'l grade 
" " intermediate 

" hard 

cold twisted 



ridges. . . 
uildings. 



Castings* 






soft 

medium, 
luurd 



Forgings* 

Steel Alloys 

Nickel Steel,* 3.26% N. 

" shapes, plates, bare . . 

*' rivets 

" eye bare, unannealcd . 

" " " annealed... 
Copper Steel, 0.50% Cu 



Steel Sprinsrs and Wire 

Springs, untempered 

Wire, unannealed 

" annealed 

" bridge cable 



Wrooflrht Iron 

Shapes 

Bare 

Wire, unannealed 

" annealed 



Caat Iron 



Common.. 
Gray ...... 

Malleable . 



65-65 
65-65 
50-65 
55-65 
58-68 

55-65 
52-62 

45-65 
46-66 
46-56 
48-58 
55-65 

55-70 
70-85 

80 
55-70 
70-85 

80 



60 
70 
80 



85-100 

70-80 

95-110 

90-105 

60-68 



65-110 

120 

80 

200 



48 
50 
80 
60 



15-18 
18-24 
27-35 



W 



14 tens 



^ tens 



H tens 



33 
40 
50 
33 
40 
50 
55 

27 

31.5 

36 



50 
45 
55 
52 
37-38 



40-70 
60 
40 
95 



26 
27 



27 



15-20 



a 

is 

08 

IP 



tensile 



tensile 



tensile 



tensile 



ii 
ii 
« 
Ii 



tensile 



tensile 



Ii 



tensile 



80 



46 



^1 

••B a 



tensile 



tensile 



tensile 
it 

<i 

•i 



tensile 






tensile 



tensile 
it 



•t 
« 



tensile 



30 

25-33 

30 









% tens. 



•t 



% tens 



% tens 



% tens 



<• 
(I 
« 
Ii 



% tens 



% tens 






% tens 



18-20 



40 









29,000,000 
29,000,000 
29,000,000 
29,000.000 
29,000,000 

29,000,000 
29,000,000 

29,000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 

29.000,000 
29,000.000 
29.000,000 
29,000.000 
29.000,000 
29.000.000 
29,000,000 

29,000.000 
29,000,000 
29,000,000 



29,000.000 
29,000.000 
29.000.000 
29.000.000 
29,000.000 



a 
o 

o 



28,000.000 
28,000,000 
16,000.000 
25.000,000 



12,000,000 



27.3-23.0 
25.4-21.5 
30.0-23.0 
27.3-23.0 
25.9-22.1 

27.3-23.0 
28.8-24.2 

33.3-27.3 
32.6-26.8 
30.4-25.0 
31.3-25.9 
27.3-23.0 

25.4-20.0 
18.6-15.3 

15.0 
22.7-17.9 
16.1-13.2 

12.5 
6.0 

22.0 
18.0 
15.0 



17.6-15.0 
21.4-18.8 
15.8-13.6 

20.0 
29.0-23.0 



* See Specifications of the Society of Testing Materials, teviaed \^\\. 
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( 



STRENGTH OF MATERIALS 
Stresses in Pounds per Square Inch 



Building Materials 



Stone 

Bluestone 

Granite, gneiss 

Limestone, marble. 

Sandstone 

Slate 



Brick 

Common, good 

" medium burned. 

" hud burned 

Pressed and paving 



Cement* Portland 

Neat, 28 days 

90 days 

1:3 sand, 28 days 

" 90day8... 



Concrete* P. C. 

1:1^:3* hard stone 

soft stone 

" oindors 

1: 2 :4, hard stone. .. . 

soft stone 

cinders 

l:2WJit hard stone 

soft stone 

" cinders 

1: 3 :6, hard stone 

soft stone 

cinders 






4< 



Masonry 

Granite 

Limestone, biuestone . . . 

Sandstone 

Rubble 

" coursed , 

Concrete, P. C, 1: 2 :4. 
" 1:2V^:5. 

Brick, common 

" li.inl burned 



y: "llaneous 



Glass, 



1. 



Plaster 

Terra col I u 

Ropes, cast steel hoisting. . . 
standing, derrick .... 

" manila : . . 

Belts, solid woven, cotton. . 

" •• " flax.... 



Ultimate Average Stresses 



Compress. 



12,000 

12,000 

8,000 

5,000 

10,000 



10,000 

11,000 

15,000 

6,000 



7,040 
7,350 
1,290 
1,490 



2.650 

1,800 

700 

2,100 

1,500 

600 

1,700 

1,200 

500 

1,350 

1,000 

400 



30,000 

10,000 

700 

5,000 



Tension 



1,200 

1,200 

800 

150 

3.000 



200 



740 
740 
320 
340 



Bending 



2,500 
1,600 
1,500 
1,200 
5.000 



600 



Modulus 

of 
Elasticity 



7,000,000 
7,000,000 
7,000,000 
3.000,000 
14.000,000 



Safe Woddng Stresses 



Compress. 



1,200 

1,200 

800 

500 

1,000 



BMiing 



t,200 

1,200 

800 

500 

1,000 



Sieaiing 



200 
200 
150 
150 
175 



Reinforced Concrete— Safe Working Strenes* 

[2,000,000 if ult. compression is up to 2,200. 

Elastic Modulus] 2,500,000 if ult. compresaon is over 2^. 

[3,000,000 if ult. compression is over2,900. 

^ r _ /22.5% of ult. compression cm i»ecB or 

Compression. . . | columns of lengths not exceeding 12di». 

Bearinff /32.5% of ult. cominession on smlaoeB of 

i>eanng ^ ^^ j^^^ ^^^ ^j^^ loaded area. 

[2.0% of ult. compression, horisoiital fain. 

Shearing • 3.0%for reinforcement with bent-up bin. 

1,6.0% for thoroughly reinforced mkt. 

n ^A /4% of ult. compression for plain ban. 

^^^ 12% for drawn wire. 



3,000 

3,000 

70 

80.000 

70,000 

8,000 

7,300 

9,900 







420 


600 






350 


500 






280 


400 






140 


250 






168 


250 






350 


600 






280 


500 






168 


300 






210 


300 


3,000 


8,000,000 






3,000 






• 



For ultimate and working stresses of Structural Timber, see page 347. 
*For complete data, see Proceedings of the American Society of Civil Ikigineers, Vol. XXXIX, 
^o. 2, February, 1913. 
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PHYSICAL PROPERTIES OP SUBSTANCES 



EXPANSION OF BODIES BY HEAT 

The linear coeflficient of expansion of a body is the rate at which 
the unit of length changes, under constant pressure, with an increase 
of unit or one degree of temperature; the square surface coefficient 
of expansion is, approximately, two times, and the cubical or 
volumetric coefficient three times the linear coefficient of expansion. 
A bar, if not fixed, undergoes a change in length=ltn, where 1 
is the length of the bar in inches, t the number of degrees, n the 
corresponding linear coefficient; if fixed at both ends, the internal 
stress per unit of area=tnE, pounds per square inch, where E is 
the modulus of elasticity, and the total temperature stress=AtnE, 
pounds, where A is the cross section of the bar in square inches. 

To find the increase of a bar due to an increase in temperaturei 
from the table, multiply the length of the bar by the increase in 
degrees and by the coefficient for 100 degrees, and divide by 100. 



COEFPICIBNTS OP EXPANSION FOR 100 DEGREES=100n 



Substance 



t,Kray. 
)ught.. 



Metals and Alloys 

Aluminum, wrought . . 
Brass 

" wire 

Bronze 

Copper 

(German Klver 

Gold 

Iron, cast, 

" wroi 

•• wire 

Lead 

Nickel... 
Platinum. 
Platinum-Iridium, 15%Ir 

SUver 

Steel, cast — 

" hard.... 

" medium 

" soft.... 

Tin 

Zinc, rolled . . . 



Misoellaneons Solids 

Glass... 

Graphite 

Gutta-percha 

Paraffin , 

Porcelain 



Linear Expansion 



Centigrade 



.00231 
.00188 
.00193 
.00181 
.00168 
.00183 
.00150 
.00106 
.00120 
.00124 
.00286 
.00126 
.00090 
.00081 
.00192 
.00110 
.00132 
.00120 
.00110 
.00210 
.00311 



.00085 
.00079 
.05980 
.02785 
.00036 



Fahrenheit 



.00128 
.00104 
.00107 
.00101 
.00093 
.00102 
.00083 
.00059 
.00067 
.00069 
.00159 
.00070 
.00050 
.00045 
.00107 
.00061 
.00073 
.00067 
.00061 
.00117 
.00173 



.00047 
.00044 
.03322 
.01547 
.00020 



Substance 



Stone and Masonry 

Ashlar masonry 

Brick masonnr 

Cement, portfand 

Concrete 

" masonry.... 

Granite 

Limestone 

Marble 

Plaster 

Rubble masonry 

Sandstone 

Slate 

Timber 

Fir 1 

^^P^MparaUeltofiber 

Pine J 
Fir 1 

perpendicular 
to fiber 



Maple 

Oak 

Pine 

Liquid Substances 

Alcohol 

Acid, nitric 

" sulphuric 

Mercury 

Oil, turpentine 



Linear Expansion 



Centigrade 



Fahrenheit 



.00063 .00035 

.00056 .00031 

.00107 .00059 

.00143 .00079 

.00120 .00067 

.00084 .00047 

.00080 .00044 

.00100 .00056 

.00166 .00092 

.00063 .00036 

.00110 .00061 

.00104 .00058 

.00037 .00021 

.00064 .00036 

.00049 .00027 

.00054 .00030 

.0058 .0032 

.0048 .0027 

.0054 .0030 

.0034 .0019 

Volumetric Expanaon 



.104 
.110 
.063 
.018 
.090 



.058 
.061 
.035 
.010 
.050 





Expansion 


OF 


Water 


, Maximum Density= 


=1 




c« 


Volume 


10 
20 


Vohime 


CO 


Vohime 


C** 

50 
60 


Volume 


C« 
70 


Vohime 


C*» 


Volume 



4 


1.000126 
1.000000 


1.000257 
1.001732 


30 
40 


1.004234 
1.007627 


1.011877 

1 \s^\mA 


1.022384 


90 
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EQUIVALENTS OF MEASURE 
Lbnoths 



1 meter, 
1 motor, 
imllllm 


ni=O.I deametBT. dkm=O.Oi hectometer. hm=O.0OI kilometer, km. ; 
m==!S«.ST Inches. tJ. 8. 8t«iidiinl = 39.370113 Incheg. BriUah Staodwl 
BtOT.nim = l000nilcroii8, ^ = 0JM937 inch = 39.37 mill. | 




iDcba, 


F«t. 


Yud, 


Rodh 


Ouua, 


uonn.a 


KDd- 






ft 


yd. 






B,^ 


N«tio.l 


im. 


1 


30.37 


3 28083 


1.09361 


019884 


04971 


56214 


0.!539« 


001 


0.02540 


1 




0.02778 


0.S5051 


0,3l28S 


0. 157f 


0.SI371 


O.S2540 




12 




0.33333 


0.06061 




0. 1894 


0.;ie46 




£3048 


0.91440 












0. 668! 


0.04934 




S9144 


B.03921 


108 


16.5 






0.26 


0. 3126 


0- J 2714 


f 




20.1168 


7B2 


66 


22 






0.0126(1 






BOW 




















mm 


'1863.25 


20e2.S 










1.15156 






J5326 


1000 


3B370 


3280-83 


1093.81 


198.838 


49.7096) 0.02137 







1 yard, U. S. = 1,0000028 yards British 1 yard Brltl3h = 0.»((M71 yard U.S. 
I chain. Gimler'B = 100 links 1 link = 7.93 bichca. 
I cable length, U.3. = 120 (athoms = 9«0 Bpaos — T!0 reet = 21».4S7 a 
Uea«ue.U.8. " " "' ■ ^ 



1 international ki 



1 U.S. 



I British nautical mile=3B0B0 lBet = l. 

Surfaces 

1 sq. meter. m> = 100 sq. dedmetera. d 
I gq. moter. m> = O.0t Bin. a=n.00ai h( 
1 sq, mllllnieter. 



= 7422 m 

= ISiJm 

ence OF sphoe nhose surface sciuili 
152 statute mUea = 18£3,19 metera. 



= 1111M circ. mib. 



1 are. a 


= 1 sq. de 


cameter. 


dkm = 


0247104 at 


Te, 










Sq.Ind,™ 


Sq, F™t, 


SQ.y«di 


Sq. ItodB, 


Acra, 


H«t™ 


Sq,Mi]«. 


Sq.Ellii. 
km' 


M" 


"■"^ 


«,It, 


«i,jd. 


■*■'■ 


* 




Bliluli 


I 


ISBOOO 


10 7030 


119599 


0,03954 


32471 




oSssei 


0-Sl 


0,56452 




0-30944 










0,g2491 




0.0929D 






0,11111 


0,^3673 


0-*„229« 


0,5929( 


0, 35S7 












0,03306 


























Q- 2629 


4046.87 


B272B40 


43G00 


4840 


100 




0,4043! 




0, 4047 


10000 


1549996! 
















10^^ 




278784« 
10703807 


mea™ 


39530*^ 


■■4^fo4 


'2B0M0 


0,38610 


' 1 



sq. rod, sq, pole, or sq. perchs(l2S sq, llnka=: 
— -haln, Ounter-a = lfl"- — ' — " 



1 acre=20S.71Q3 feet squar& 



NotaCEons S, ', *, etc,. 



),SSIM =O.OfiaiIWIW wi. mllw. 



MEASURES AND WEIGHTS 



EQUIVALENTS OF MEASURE 
Volume and Capacity 



t Uter, 1= 

= 1000 

IUMf. 1=( 



= 1000 miUilllera, ml 



= 0.01 hectoliter, hl = I ci 





■ss. 


H 




U.S.Qi«rti 


U.S.Oidloii. 




dm', 1 


3. 


» 


Rl 


•f& 


a!^ 


bu. 


1 


61.0234 


0.03531 


O.Sl308 


1.05668 


0.80S0S 


0.28417 




0,02838 




















28.3170 


1728 




0.03704 


29.8221 


25.7140 


7.48055 


e.42851 


0.80356 


764.55fl 


46656 


27 




807.896 


aM.37B 


201.974 


173.570 


21.6062 








n,!iit3s 












1.10133 


67.2009 






1.16365 




0.29O9I 


0.25 


0.03125 


8.78543 


231 


0.1336a 


0,34851 




3.43747 


1 


0.85937 


0.10742 










4.65400 












2150,42 














1 



1 gal., British Imporlal = 10 



'd ounces. 
S. dry gal. 



U. S. Dry Measuro: 1 bushel = 4 pecks = 8 giilloas = 32 quitrtB^Mpi 

r. S. Liquid Measure: 1 gBllon=4 quarts=8 pliita=3Z gma=128 fluid 
TJ. S. Apoth. Moasuro: 1 B. ounce,rs=8 fl. drams, (5 = 

= ».S74cu. cm". 
British ImpOTial gMoa dry and liquid measure = 1.03202 

= 1.20091 U. 8. liquid gal. 
British Imperial gallon = 277.410 cu. In. = 4645.9611 cm>. 

Weight of water at maximum density, 4°C, 45° Lat,. and 
1 cu. It, =^fl2,4SS3 1b3. av. = 2S,31T0kg I cu. In. = 0.S78OI oz. av.aid.stni g- 
' gal.. U. 8. liquid = 8. 34S4S lba. = 3.T85« kg. 
— ' "-'•'-hImporial = 10.l)2211ba. = 4.MSlW31 kg. 

:i> WmaHTB 

1 gram, g^ 10 decigrams, da = 100 centigrams. cc = 10OO mlUlgrraniB, mg. 
1 gram, g = 0.1 decagram, d£g = 0.01 hectogram, hg = 0.001 kilogram, kg. 
1 Ellogram. kg = l cu. dtsdmoter of water or liter. i'C. 45° Lat. and aea level 
:1M32.3663B grains, U. S. and British Standard. 



Kilo- 




<_>.„... ■■ P.™D,ie 


T<^ 


G»™. 


Troy, 


Ivoir 


Troy, 




Kc!, 


GrriSfi, 








Ot.^1- 






i^Snk. 


2ix 


1000 tg. 


1 


15433,4 


32-1507 


35.2740 


2,67323 


2.20462 


0.S1102 


n,I»s4? 


001 


(>>iHt 








0,Sl73C 


0,Sl42a 






o637* 




0,031 It 


















0.S3110 


0.02835 


437.5 


0,91140 








0. 3125 


1 


S;!7!h; 










13.1657 




0,82286 




I 


11.1674 


0.^732 






















807.185 


1400000( 


29166.7 


320O0 




2000 




t 


J923G 


0.90719 


'7(^^ 


1543235° 


fz^Toi 


35840 


2722.22 


2240 


I-IO2I1 


0,08421 


1.01605 



Notations 0, ', *. et 
:. 3, 4, etc., ciphers. 
EiAHPLE — 1 graiD = 



., indicate that the «. 



— 20 pennjTTeight, dwt. 
<S0 grains. gr^31.1035 g. 
itono=1121tH.=50,8024lg. 

etc., are to be replaced by 



CARNEGIE STEEL COMPANY 



EQUIVALENTS OF MEASURE 

FoBCES OB Weights per Units of Length, Lineab Weights 

1 dyne per oentimeCer = 000101979 g'cm = Oj0OO183719 ponndal/hi. 
1 gram per oentiineCer = W0JW66 djiies^cm=s ai80154 poundalyln. 
1 pouiMlal per inch = 5443.11 dynes.'Cm = 5.55081 g/cm = 0X310632 poondyiiL 



per 1 ™^ 


Pounds 


Pounds 


Pounds 'Kikenmi; Net Tons. 


GrosB 

Tons. 

22401138., 

per Mile 


Metric 
Tods, 


Cfcnti- perlijck. 


perloefa. 


per Foot, 


per Yard, per Meter, 
Ib-.Td. kg/m 1 

1 
1 


2000 lbs.. 


1000 kfc 


■Kicr ' sr,yui. 

g/an 


Ib-ZiiL 


lb.;ft- 


per Mile 


per 
JUometer 


1 '39.1983 


0.O5600 


0.06720 


0.20159 


0.10 


0.17740 


0.15839 


0.10 


0.02551 1 


0.O1429 


aol714 


0.05143 


0.O2551 


0.O4526 


0.04041 


0.o2551 


178.579 7000 


1 


12 


36 


17.8579 


31.6800 


28.2857 


17.8579 


14.8816.583.333 


0.08333 


1 


3 


1.48816 


2.64000 


2.35714 


1.48816 


4.96054,194.444 


0.02778 


0.33333 


1 


0.49605 


0.88000 


0.78571 


0.49605 


10 391.983 


0.05600 


0.67197 


2.01591 


1 


1.77400 


1.58393 


1 


5.63698 


220.960 


0.03157 


0.37879 


1.13636 


a56370 


1 


0.89286 


0.56370 


6.31342 


247.475 


0.03535 


0.42424 


1.27273 


a63134 


1.12 


1 


0.63134 


10 


391.983 


0.05600 


0.67197 


2.01591 


1 


1.77400 


1.58393 


1 



Forces or Weights per Units of Area, Pressure 

1 dynepCTsq. centimeter =0.00101979 g/cm> =0.00046M46 poundals^*. 

1 gram per sq.centimeter= 980.5966d3me6/cm> =0.457592 pomidals/i]i>. 

1 poundal per sq. inch =2142.95dyne6/cm«=2.18536g/cgiia=0.0310632pouitdAP^. 



Kilogramsl 
per 

Sq. Centi- 
meter, 
kg/cmS 


Pounds 

per 

Sq.Ineh, 

Ib.yin-a 


Pounds 

per 

Sq.Fooi, 

lb./ft.2 


Net Tons. 
2000 lbs. 

per 
Sq.Foot 


Atmos- 
pheres, 
Standard, 
760 mm 


Cohunns of Mereuiy, 
Hg. 13.59593 Sp. G. 


Cohunns of Water, 
Max.Den8it74<'C 


Milli- 
meters 


Inches 


Meters 


Feet 


1 
0.07031 
0.04882 
0.97648 
1.03329 
0.S1360 
0.03453 

0.10 
0.03048 


14.2234 

1 
0.06944 
13.8889 
14.6969 
0.01934 
0.49119 
1.42234 
0.43353 


2048.17 
144 

1 
2000 
2116.35 
2.78468 
70.7310 
204.817 
62.4283 


1.02408 
0.07200 
0.00050 

1 
1.05818 
1.01392 
0.03537 
0.10241 
0.03121 


0.96778 
0.06804 

0.04725 
0.94502 

1 

0.01316 
0.03342 
0.09678 
0.02950 


735.514 
51.7116 

035911 
718.216 
760 
1 
25.4001 
73.5514 
22.4185 


2^9572 
2.03588 
0.01414 
28.2762 
29.9212 
0.03937 

1 
2.89572 
0.88262 


10 
0.70307 
ao4S82 
9.76482 
10.3329 
0.01360 
0.34534 

1 
0.30480 


32.8083 
2.30665 
0.01602 
32.0367 
33.9006 
0.04461 
1.13299 
3.28083 
1 



Forces or Weights per Units op Volume, Density 

1 dyne per cu. centimeter =0.00101979 gram/cm* =a00118528 poundals^*. 
1 gram per cu. centimeter =080.5966 dynes/cm^ = 1.162283 poundals/in8. 
1 poimdal per cu. inch =843.683 dynes/cm8= 0.860378 g/cm«= 0.0310832 pound/ins. 



Grams 
per 
Cu. Centi- 
meter, 
g/cm8 



Pounds 

per 

Cu. Inch, 

Ib./in* 



Pounds 

per 

Cu. Foot, 

lb./ft.« 



Pounds 

per 

Cu.Yard, 

lb./yd.8 



Kilograms 

per 

Cu. Meter, 

kg/ms 



Pounds 

per 

Bushel, 

U. S. 



Pounds 
per 

Gallon, 
Dry, 
U.S. 



Pounds 

per 

Gallon, 

Liquid, 

U. S. 



Kilograms 

per 
Hectoliter, 

kg/hi 



27.6797 
0.01602 
0.05933 

0.001 
0.01287 
0.10297 
0.11983 

0.01 



0.03613 

1 
0.05787 
0.02143 
0.o3613 
Co 4650 
0.o3720 
0.04329 
0.03613 



62.4283 
1728 
1 
0.03704 
0.06243 
0.80356 
6.42851 
7.48052 
0.62428 



1685.56 

46656 

27 

1 

1.68556 

21.6962 

173.570 

201.974 

16.8657 



1000 
27679.7 
16.0184 
0.59327 

X 

12.8718 

102.974 

119.826 

10 



77.6893 
2150.42 
1.24446 
0.04609 
0.07769 

1 

8 
9.30920 
0.77689 



9.71116 
268.803 
0.15556 
0.05762 
0.09711 
0.125 
1 
1.16365 
0.09711 



8. 

0, 


0, 
0, 





34545 

231 

13368 

o4951 

o8345 

10742 

85937 

1 
08345 



100 
2767.97 
1.60184 
0.05933 

0.10 

1.28718 

10.2974 

11.9826 

1 



^ns 0,0) 0) etc., indicate that the o? ot oj etc. 
ciphers. E xamplb— 1 kg/ms = 0.J3613 = 



are to 
0.00003613 



be replaced by i 
Ib./ins. I 



3»» 



MEASURES AND WEIGHTS 

EQUIVALENTS OF MEASURE 
Enbbgt, Work, Heat 

I dyne-eentiiroeter=: 1 erg =0.00101879 grani-centlmBter=D,n737013 root-pou 
L Bram-contimDter= 9S0.BB66 ergs=0.j7233 (oot>.poirad. 
L Coot-pound = 13537300 erEa=13S25.S gram-roil timetcra. 



0.13S26 
273745 1 
B70000 1 



0.32778 
0.76(MD 0. 



b|o.'2342 

I. S 3330 

5 641.240 



0.73761 
1 778.104 
3087. 



1.31G09 
1.34111 
).S3725 I 



.36072 I 
.53777 
.£3084 



Power, Rate of Enbbgt and Heat 

dyne-cm/Bec.=0.00101979 grBjn-cmyaec.=0.o737BlB foot-povinds/aec. 
per sBcoD(I=S80.69oe ergs/sec, =^0.o7233 foot-poundB/Bec. 



1 FooC-po 


und per 




lMi7300 


rgs/fiee= 


13S15 fi % 


rftrn-cm; 


«c. 








FoQt- 










Therra^ Unite 












107^/H 




sTr. 






Me... 


B.T.ir. 


CMods 


kg-D/. 


(t.-lbs.rt 


ft.^be./B 
















7.23300 


0.01315 


0.01333 


0.01 


0.^9808 


9.80597 


0.S9206 


^2342 








0.S1843 


0.S1383 


D.51356 




[).'ol285 






76.0404 














0.70685 








542.475 












D. 697 18 






100 


723.300 


1.31500 


1.33333 




Q.Qsoeo 


080.597 










737.612 




1.35972 


1.01979 




1000 








0.1 Dies 




0.itlR41 


n.Sisflr 














107.577 






1.4343e 










I 


25200 


426.90« 


■Ami.ri 


b,«1412 


5.89200 


4.20900 






3.90832 

























I gravity =9S0.666fl centimclors per sec. per sec.— 32 






M«ta> 


Feet 


.Si,, 


Ko.. 






Feet 


Maes 


KJometer 




lUt 










ft./8» 


M/b-9 


^ 


3.28083 


2.23093 


1.94354 


3.6 
















0.5920a 


1.0B72S 














































0.27778 


0.91134 


0.62137 


0.53959 


1 


S:s;sj 


3.28083 
0^91134 


0.62137 


1.09728 
1.6093H 


Notat 


ons^.S, 


, etc., li 


dicfttetl 


at the 




.. are tc 


be rep 


aced bv 



\ 



t 



CARNEQIE STEEL COMPANY 






Inches^ 


O CENTlMi.Tt.R!,2 


-Im 


"=6 451t.-5 cm* 




% . 


. 


2 




B 


8 




a 


» 



3 

i 


193.549 

a5t.(i(5 


1(I96S 
200 000 


206 45J 


19.358 25.807 
212 904 219 355 


32.268 

225!807 
260.823 


103^28 

232;259 
296.775 

490.32* 


45.1B1 
109.878 

23S71C 
303.228 
367.743 

4Bfl!77S 
461.291 


81.613 

309.6:8 

667>43 
832.259 


318.130 

44S.183 
509.878 
B74.19S 





U> 


!»-= T.i Cl 


^TI^4BTER.^a-l m.==!e.3S7i6 cm- | 


^> 





I 


2 


4916 


85.55 


5 


6 


7 


8 


9 






lasB 


32 77 


81.94 


9S32 


114 71 


iSiin 


147.4« 


































393 .2G 


409.6B 








475Ji3 






508 OC 


5H3( 


540 -S 


557-ie 


573.56 


580,54 


608.32 


822.TI 


639.10 




855 49 
































901 ,2E 












933.23 






















1147-10 


1183,49 


ll7B.Bf 


119651 


1212-6J 


1229.04 


1245,4! 


1281,81 




1294,59 




1310.97 


I32r.3S 








































Inches* to Centimeters' — 1 in. *=4 1.62347 cm* | 


^ 





1 


2 


3 


* 


6 


6 


7 




B 






41,82 






166,49 




249.74 


291.38 


332.99 


S74.tl 






«57,8e 










865.98 






T90.B5 












S98.96 




1082.21 


1123J3 




I207.m 




1248.70 


1290.33 


1331,95 


1373,57 


141530 


1458.8! 


1498,44 


1540,07 


1681-60 


HMJS 




lBe4,H 


1T0B.S6 












195B,S»1 


1997.93 


aoaut 






3122,30 
















2455,78 


























2913,84 


2955^7 


2906,89 


3038,51 


3080,14 


3121,76 3183,38 


3205J]I 


324(1.(13 


323SJi6 


-a 


3329.88 


3371.60 




3464.7* 








3682.87 


3-04-49 


t 






382U6 


3870.98 13BJ2.B1 


3954^31 3995 J5 


4037.18 


4079.1014120,72 1 



MEASURES AND WEIGHTS 




METRIC CONVERSION TABLES 
Centimeters to Inches^ — 1 cm==o.3937 In 





1 

2 
3 

4 

5 
6 

7 
8 
9 



3.9370 
7.8740 
11.8110 
15.7480 
19.6850 
23.6220 
27.5590 
31.49G0 
35.4330 



1 



0.3937 
4.3307 
8.2677 
12.2047 
16.1417 
20.0787 
24.0157 
27.9527 
31.8897 
35.8267 



0.7874 
4.7244 
8.6614 
12.5984 
16.5354 
20.4724 
24.4094 
28.3464 
32.2834 
36.2204 



1.1811 
5.1181 
9.0551 
12.9921 
16.9291 
20.8661 
24.8031 
28.7401 
32.6771 
36.6141 



1.5748 
5.5118 
9.4488 
13.3858 
17.3228 
21.2598 
25.1968 
29.1338 
33.0703 
37.0078 



1.9685 
6.9055 
9.842d 
13.7795 
17.7165 
21.6535 
25.5905 
29.5275 
33.4645 
37.4015 



2.3622 
6.2992 
10.2362 
14.1732 
18.1102 
22.0472 
25.9842 
29.9212 
33.8582 
37.7952 



2.7559 
6.6929 
10.6299 
14.5669 
18.5039 
22.4409 
26.3779 
30.3149 
34.2519 
38.1889 



8 



3.1496 
7.0866 
11.0236 
14.9606 
18.8976 
22.8346 
26.7716 
30.7086 
34.6456 
38.5826 



9 



3.5433 
7.4803 
11.4173 
15.3543 
19.2913 
23.2283 
27.1653 
31.1023 
35.0393 
38.9763 





Centimeters^ to Inches^- 


-I Cm2=0. 15499969 in.2. 




^ 





1 


2 


3' 


4 


5 


6 


7 


8 


9 







0.1550 


0.3100 


0.4650 


0.6200 


0.7750 


0.9300 


1.0850 


1.2400 


1.3950 


1 


1.5500 


1.7050 


1.8600 


2.0150 


2.1700 


2.3250 


2.4800 


2.6350 


2.7900 


2.9450 


2 


3.1000 


3.2550 


3.4100 


3.5650 


3.7200 


3.8750 


4.0300 


4.1850 


4.3400 


4.4950 


3 


4.6500 


4.8050 


4.9600 


5.1150 


5.2700 


5.4250 


5.5800 


5.7350 


5.8900 


6.0450 


4 


6.2000 


6.3550 


6.5100 


6.6650 


6.8200 


6.9750 


7.1300 


7.2850 


7.4400 


7.5950 


5 


7.7500 


7.9050 


8.0600 


8.2150 


8.3700 


8.5250 


8.6800 


8.8350 


8.9900 


9.1450 


6 


9.3000 


9.4550 


9.6100 


9.7650 


9.9200 


10.0750 


10.2300 


10.3850 


10.5400 


10.6950 


7 


10.8500 


11.0050 


11.1600 


11.3150 


11.4700 


11.6250 


11.7800 


11.9350 


12.0900 


12.2450 


8 


12.4000 


12.5650 


12.7100 


12.8650 


13.0200 


13.1750 


13.3300 


13.4850 


13.6400 


13.7950 


9 


13.9600 


14.1050 


14.2600 


14.4150 


14.5700 


14.7250 


14.8800 


15.0350 


15.1900 


15.3450 





Centimeters^ ' 


TO Inches^- 


— 1 cm3=o.06i0234 in.3. 




^ 





1 


2 


3 


4 


5 


6 


7 


8 


9 







0.06102 


0.12205 


0.18307 


0.24409 


0.30512 


0.36614 


0.42716 


0.48819 


0.54921 


1 


0.61023 


0.67126 


0.73228 


0.79330 


0.85433 


0.91535 


0.97637 


1.03740 


1.09842 


1.15944 


2 


1.22047 


1.28149 


1.34251 


1.40354 


1.46456 


1.52559 


1.58661 


1.64763 


1.70866 


1.76968 


3 


1.83070 


1.89173 


1.95275 


2.01377 


2.07480 


2.13582 


2.19684 


2.25787 


2.31889 


2.37991 


4 


2.44094 


2.50196 


2.56298 


2.62401 


2.68503 


2.74605 


2.80708 


2.86810 


2.92912 


2.99015 


5 


3.05117 


3.11219 


3.17322 


3.23424 


3.29526 


3.35629 


3.41731 


3.47833 


3.53936 


3.60038 


6 


3.66140 


3.72243 


3.78345 


3.84447 


3.90550 


3.96652 


4.02754 


4.08857 


4.14959 


4.21061 


7 


4.27164 


4.33266 


4.39368 


4.45471 


4.51573 


4.57675 


4.63778 


4.69880 


4.75983 


4.82085 


8 


4.88187 


4.94290 


5.00392 


5.06494 


5.12597 


5.18699 


5.24801 


5.30904 


5.37006 


5.43108 


9 


5.49211 5.55313 


5.61415 


5.67518 


5.73620 


5.79722 


5.85825 


5.91927 


5.98029 


6.04132 



Centimeters* to Inches* — 1 cm*=0.0240249 in.*. 





1 

2 
3 
4 
5 
6 
7 
8 
9 







0.24025 
0.48050 
0.72075 
0.96100 
1.20125 
1.44149 
1.68174 
1.92199 
2.16224 



0.02402 
0.26427 
0.50452 
0.74477 
0.98502 
1.22527 
1.46552 
1.70577 
1.94602 
2.18627 



0.04805 
0.28830 
0.52855 
0.76880 
1.00905 
1.24930 
1.48954 
1.72979 
1.97004 
2.21029 



0.07207 
0.31232 
0.55257 
0.79282 
1.03307 
1.27332 
1.51357 
1.75382 
1.99407 
2.23432 



0.09610 
0.33635 
0.57660 
0.81685 
1.05710 
1.29734 
1.53759 
1.77784 
2.01809 
2.25834 



0.12012 
0.36037 
0.60062 
0.84087 
1.08112 
1.32137 
1.56162 
1.80187 
2.04212 
2.2S2^^ 



6 



0.14415 
0.38440 
0.62465 
0.86490 
1.10515 
1.34539 
1.58564 
1.82589 
2.00614 



0.16817 
0.40842 
0.64867 
0.88892 
1.12917 
1.36942 
1.60967 
1.84992 
2.09017 



8 



0.19220 
0.43245 
0.07270 
0.91295 
1.15320 
1.39344 
1.63369 
1.87394 
2.11419 



9 



0.21622 
0.45647 
0.69672 
0.93697 
1.17722 
1.41747 
1.65772 
1.89797 
2.13822 



2.^^'i^\ 'L.^'JJ^ ^3S>*k»A\'LXV'i*J\ 
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CARNEGIE STEEL COMPANY 



METRIC CONVERSION TABLES 
Inches to Centimeters — 1 in.=2.540005 cm 



% 





1 


2 


3 


4 


5 


6 


7 


8 


9 







2.540 


5.080 


7.620 


10.160 


12.700 


15.240 


17.780 


20.320 


22.860 


1 


25.400 


27.940 


30.480 


33.020 


35.560 


38.100 


40.640 


43.180 


45.720 


48.260 


2 


50.800 


53.340 


55.880 


58.420 


60.960 


63.500 


66.040 


68.580 


71.120 


73.660 


3 


76.200 


78.740 


81.280 


83.820 


86.360 


88.900 


91.440 


93.980 


96.520 


99.060 


4 


101.600 


104.140 


106.680 


109.220 


111.760 


114.300 


116.840 


119.380 


121.920 


124.460 


5 


127.000 


129.540 


132.080 


134.620 


137.160 


139.700 


142.240 


144.780 


147.320 


149.860 


6 


152.400 


154.940 


157.480 


160.020 


162.560 


165.100 


167.640 


170.180 


172.720 


175.260 


7 


177.800 


180.340 


182.880 


185.420 


187.960 


190.500 


193.040 


195.580 


198.120 


200.660 


8 


203.200 


205.740 


208.280 


210.820 


213.360 


215.900 


218.440 


220.980 


223.520 


226.060 


9 


228.600 


231.140 


233.680 


236.220 


238.760 


241.300 


243.840 


246.380 


248.920 


251.460 





Inches^ to Centimeters2 


— 1 in. 


2=6.451626 Cm2 




^h 





1 


2 


3 


4 


5 


6 


7 


8 


9 



1 
2 
3 
4 
5 
6 
7 
8 
9 


64.516 
129.033 
193.549 
258.065 
322.581 
387.098 
451.614 
516.130 
580.646 


6.452 
70.968 
135.484 
200.000 
264.517 
329.033 
393.549 
458.065 
522.582 
587.098 


12.903 
77.420 
141.936 
206.452 
270.968 
335.485 
400.001 
464.517 
529.033 
593.550 


19.355 
83.871 
148.387 
212.904 
277.420 
341.936 
406.452 
470.969 
535.485 
600.001 


25.807 
90.323 
154.839 
219.355 
283.872 
348.388 
412.904 
477.420 
541.937 
606.453 


32.258 
96.774 
161.291 
225.807 
290.323 
354.839 
419.356 
483.872 
548.388 
612.904 


38.710 
103.226 
167.742 
232.259 
296.775 
361.291 
425.807 
490.324 
554.840 
619.356 


45.161 
109.678 
174.194 
238.710 
303.226 
367.743 
432.259 
496.776 
561.291 
625.^08 


61.613 
116.129 
180.646 
245.162 
309.678 
374.194 
438.711 
603.227 
567.743 
632.259 


58.065 
122.581 
187.097 
251.613 
316.130 
380.646 
445.162 
509.678 
574.195 
638.711 





Inches^ to Ce 


ntime 


tersS 


— 1 in. 


8=16.38716 cmS 




^^ 





1 


2 


3 

49.16 

213.03 

376.90 

640.78 

704.65 

868.52 

1032.39 

1196.26 

1360.13 

1524.01 


4 

65.55 

229.42 

393.29 

657.16 

721.04 

884.91 

1048.78 

1212.65 

1376.52 

1540.39 


5 


6 


7 


8 


9 



1 
2 
3 
4 
5 
6 
7 
8 
9 


163.87 

327.74 

491.61 

655.49 

819.36 

983.23 

1147.10 

1310.97 

1474.84 


16.39 

180.26 

344.13 

508.00 

671.87 

835.75 

999.62 

1163.49 

1327.36 

1491.23 


32.77 

196.65 

360.52 

524.39 

688.26 

852.13 

1016.00 

1179.88 

1343.75 

1507.62 


81.94 

245.81 

409.68 

673.55 

737.42 

901.29 

1065.17 

1229.04 

1392.91 

1556.78 


98.32 

262.19 

426.07 

689.94 

753.81 

917.68 

1081.55 

1245.42 

1409.30 

1573.17 


114.71 

278.58 

442.45 

606.32 

770.20 

934.07 

1097.94 

1261.81 

1425.68 

1589.65 


1*31.10 

294.97 

468.84 

622.71 

786.68 

950.46 

1114.33 

1278.20 

1442.07 

1605.94 


147.48 

311.36 

475.23 

639.10 

802.97 

966.84 

1130.71 

1294i9 

1458.46 

1622.33 



Inches* to Centimeters* — 1 in.4=4i.62347 cm* 



/ 



>^t 










1 


416.23 


2 


832.47 


3 


1248.70 


4 


1664.94 


5 


2081.17 


• 6 


2497.41 


7 


2913.64 


8 


3329.88 


9 1 


3746.11 



1 



41.62 
457.86 
874.09 
1290.33 
1706.56 
2122.80 
2539.03 
2955.27 
3371.50 
3787.74 



83.25 
499.48 
915.72 
1331.95 
1748.19 
2164.42 
2580.66 
2996.89 
3413.12 
3829.36 



124.87 
541.11 
957.34 
1373.57 
1789.81 
2206.04 
2622.28 
3038.51 
3454.75 
3870.98 



166.49 

582.73 

998.96 

1415.20 

1831.43 

2247.67 

2663.90 

3080.14 

3496.37 

13912.61 



208.12 
624.35 
1040.59 
1456.82 
1873.06 
2289.29 
2705.53 
3121.76 
3537.99 
3954.231 



6 



249.74 
665.98 
1082.21 
1498.44 
1914.68 
2330.91 
2747.15 
3163.38 
3579.62 
3995.86 



291.36 
707.60 
1123.83 
1540.07 
1956.30 
2372.54 
2788.77 
3205.01 
3621.24 
4037.48 



8 



332.99 
749.22 
1165.46 
1581.69 
1997.93 
2414.16 
2830.40 
3246.63 
3662.87 
4079.10 



9 



374.61 
790.85 
1207.08 
1623.32 
2039i5 
2455.78 
2872.02 
3288i5 
3704.49 
4120.72 



^70 



MEASURES AND WEIGHTS 



METRIC CONVERSION TABLES 
Centimeters to Inches^ — 1 cm=o.3937 In 








1 


2 


3 4 


5 


e 7 


8 


9 







0.3937 


0.7874 


1.1811 


1.5748 


1.9685 


2.3622 


2.7569 


3.1496 


3.5433 


1 


3.9370 


4.3307 


4.7244 


5.1181 


6.5118 


6.9055 


6.2992 


6.6929 


7.0866 


7.4803 


2 


7.8740 


8.2677 


8.6614 


9.0551 


9.4488 


9.8425 


10.2362 


10.6299 


11.0236 


11.4173 


3 


11.8110 


12.2047 


12.5984 


12.9921 


13.3858 


13.7795 


14.1732 


14.5669 


14.9506 


15.3543 


4 


15.7480 


16.1417 


16.5354 


16.9291 


17.3228 


17.7165 


18.1102 


18.5039 


18.8976 


19.2913 


5 


19.6850 


20.0787 


20.4724 


20.8661 


21.2598 


21.6535 


22.0472 


22.4409 


22.8346 


23.2283 


6 


23.6220 


24.0157 


24.4094 


24.8031 


25.1968 


25.5905 


25.9842 


26.3779 


26.7716 


27.1653 


7 


27.5590 


27.9527 


28.3464 


28.7401 


29.1338 


29.5275 


29.9212 


30.3149 


30.7086 


31.1023 


8 


31.4960 


31.8897 


32.2834 


32.6771 


33.0703 


33.4645 


33.8582 


34.2519 


34.6456 


35.0393 


9 


35.4330 


36.8267 


36.2204 


36.6141 


37.0078 


37.4015 


37.7952 


38.1880 38.5826 


38.9763 





Centimeters^ to Inches^- 


-I Cm2=0.15499969 in.2. 




^ 





1 


2 


''1 

3 


4 


6 


6 


7 


8 


9 







0.1650 


0.3100 


0.4650 


0.6200 


0.7750 


0.9300 


1.0850 


1.2400 


1.3960 


1 


1.5500 


1.7050 


1.8600 


2.0150 


2.1700 


2.3250 


2.4800 


2.6350 


2.7900 


2.9460 


2 


3.1000 


3.2550 


3.4100 


3.5660 


3.7200 


3.8750 


4.0300 


4.1850 


4.3400 


4.4960 


3 


4.6500 


4.8050 


4.9600 


6.1160 


5.2700 


5.4250 


6.5800 


6.7350 


5.8900 


6.0450 


4 


6.2000 


6.3550 


6.5100 


6.6660 


6.8200 


6.9750 


7.1300 


7.2850 


7.4400 


7.6950 


6 


7.7600 


7.9050 


8.0600 


8.2150 


8.3700 


8.5250 


8.6800 


8.8350 


8.9900 


9.1460 


6 


9.3000 


9.4650 


9.6100 


9.7650 


9.9200 


10.0750 


10.2300 


10.3850 


10.6400 


10.6950 


7 


10.8500 


11.0050 


11.1600 


11.3150 


11.4700 


11.6250 


11.7800 


11.9360 


12.0900 


12.2450 


8 


12.4000 


12.5550 


12.7100 


12.8650 


13.0200 


13.1750 


13.3300 


13.4850 


13.6400 


13.7950 


9 


13.9600 


14.1060 


14.2600 


14.4150 14.5700 


14.7260 


14.8800 


15.0350 


16.1900 


15.3450 





Centimeters^ • 


ro Inches^- 


— 1 Cm8=0.0610234 in.^. 




^ 





1 


2 


3 


4 


6 


6 


7 


8 


9 







0.06102 


0.12205 


0.18307 


0.24409 


0.30512 


0.36614 


0.42716 


0.48819 


0.64921 


1 


0.61023 


0.67126 


0.73228 


0.79330 


0.86433 


0.91635 


0.97637 


1.03740 


1.09842 


1.15944 


2 


1.22047 


1.28149 


1.34251 


1.40364 


1.46466 


1.52559 


1.58661 


1.64763 


1.70866 


1.76968 


3 


1.83070 


1.89173 


1.96276 


2.01377 


2.07480 


2.13582 


2.19684 


2.26787 


2.31889 


2.37991 


4 


2.44094 


2.50196 


2.66298 


2.62401 


2.68503 


2.74605 


2.80708 


2.86810 


2.92912 


2.99016 


5 


3.05117 


3.11219 


3.17322 


3.23424 


3.29626 


3.35629 


3.41731 


3.47833 


3.53936 


3.60038 


6 


3.66140 


3.72243 


3.78345 


3.84447 


3.90650 


3.96652 


4.02764 


4.08857 


4.14959 


4.21061 


7 


4.27164 


4.33266 


4.39368 


4.45471 


4.61573 


4.67675 


4.63778 


4.69880 


4.75983 


4.82086 


8 


4.88187 


4.94290 


5.00392 


6.06494 


6.12597 


5.18699 


6.24801 


5.30904 


6.37006 


5.43108 


9 


5.49211 


6.55313 


6.61416 


5.67518 


6.73620 


5.79722 


6.85825 


5.91927 


6.98029 


6.04132 





Centimeters* 


TO Inches* 


— 1 Cm*=0.0240249 in.*. 




"^ 





1 


2 


3 


4 


6 


6 


7 


8 


9 







0.02402 


0.04805 


0.07207 


0.09610 


0.12012 


0.14415 


0.16817 


0.19220 


0.21622 


1 


0.24025 


0.26427 


0.28830 


0.31232 


0.33635 


0.36037 


0.38440 


0.40842 


0.43245 


0.45647 


2 


0.48060 


0.50452 


0.52855 


0.55257 


0.57660 


0.60062 


0.62465 


0.64867 


0.G7270 


0.69672 


3 


0.72075 


0.74477 


0.76880 


0.79282 


0.81685 


0.84087 


0.86490 


0.88892 


0.91296 


0.93697 


4 


0.96100 


0.98502 


1.00905 


1.03307 


1.05710 


1.08112 


1.10615 


1.12917 


1.15320 


1.17722 


6 


1.20125 


1.22527 


1.24930 


1.27332 


1.29734 


1.32137 


1.34539 


1.36942 


1.39344 


1.41747 


6 


1.44149 


1.46552 


1.48954 


1.61357 


1.53759 


1.66162 


1.68564 


1.60967 


1.63369 


1.66772 


7 


1.68174 


1.70577 


1.72979 


1.76382 


1.77784 


1.80187 


1.82589 


1.84992 


1.87394 


1.89797 


8 


1.92199 


1.94602 


1.97004 


1.99407 


2.01809 


2.04212 


2.06614 


2.09017 


k.vvvAV^x'jj^'in. 


9 


2.16224 


2.18627 


2.21029 


2.23432 


2.25834 


2.2S2^^ 


\2.^Q«a^ 


\'l.^'5!Wa 


Al.^'bV^ 


i^X^XViXV 
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CARffEOlE STEEL COMPANY 



METRIC COX^-ERSIOX TABLES 
Feet to Metebs — 1 ft.=^.aiM8006 m 



^^-*, 


1 


1 


<» 




OJOtf 


1 


9/Hm 


ZM» 


2 


$jmo 


$Mm 




9M40 


^AMH 




n,\Wi 


t2Am» 




\hJ24tiii 


tSM4H 




iHJUtm 


IHM2H 




2ijaw 


tijmi 




ujmo 


ujma 




27AZ21 


27J369 



OjfOM 

«.706e 

12il016 

21.9456 
24.90M 
2SM17 



! 0^144 

] a Jt24 

I 7j01O4 
lO/KSM 
13J064 
16.1M4 
19.2024 
22JS504 
25.2984 
28.3405 



L21f2 

4.2072 
7J152 
10M32 
13.4112 
16.4592 
19.5072 
22.5552 
25.6033 
28.6513 



j 1.S240 

Ij 4.5720 

'■': 7j8200 

* 10.6680 

j 13.7160 

16.7640 

19.8120 

22.8600 

25M&1 

28J>561 



7J248 
10.9728 
14il208 
17JMSS 
20.1168 
23.1648 
26.2129 
29.2609 



6JS1$ 



11.2776 



17.3736 
20.4216 
23.4696 
26.5177 
29J667 



2.4384 



8.5344 
1L5824 
14in>4 
17it784 
20.7264 
23.7744 
28.8225 
29.8705 



2J43S 

5J912 

8.8ISX 
ILSSn 
1413S2 
17.S6S ! 
21iB12 ! 
24j07tt 
27J273 
30J753 



I'ouNDH PER Foot ivo Kilograms per Meter— 1 lb./ft.=i.488i6i kg/m 

1 

1.468 

16.370 

81.251 

46.133 

61.015 

75.K96 

90.778 
105.659 
120.541 
18M23 

PoUNDM i»«H 8q. Inch to Kg. per Sq. Cm.— 1 lb./m.2=o.0703067kg/cm2 



<">. 












UM2 




29.763 




44.045 




59.526 




74.408 




89.390 




104.171 




119.053 




183.934 



2 


3 
4.464 


4 

5.953 


5 


6 


7 


8 


9 


2.976 


7.441 


8.929 


10.417 


11.905 


13.393 


17.858 


19.346 


20.834 


22.322 


23.811 


25.299 


26.787 


28.275 


32.740 


84.228 


35.716 


37.204 


38.692 


40.180 


41.669 


43.157 


47.621 


49.109 


50.597 


52.086 


53.574 


55.062 


56.550 


58.038 


62.503 


63.991 


65 479 


66.967 


68.455 


69.944 


71.432 


72.920 


77.384 


78.873 


80.361 


81.849 


83.337 


84.825 


86.313 


87.802 


92.266 


93.754 


95.242 


96.730 


98.219 


99.707 


101.195 


102.683 


107.148 


108.636 


110.124 


111.612 


113.100 


114.588 


116.077 


117.565 


122.029 


123.517 


125.006 


126.494 


127.982 


129.470 


130.958 


132.446 


136.911 


138.399 


139.887 


141.375 


142.863 


144.352 


145.840 


147.328 








I 
I 

8 
4 

6 
6 
7 

8 
9 






1 
0.07031 


2 
0.14061 


3 
0.21092 


4 


5 


6 


7 


8 


0.28123 


0.35153 


0.42184 


0.49215 


0.56245 


0.70307 


0.77387 


0.84368 


0.91399 


0.98429 


1.05460 


1.12491 


1.19521 


1.26552 


1.40613 


1.47644 


1.54675 


1.61705 


1.68736 


1.75767 


1.82797 


1.89828 


1.96859 


1.10920 


2.17951 


2.24981 


2.32012 


2.39043 


2.46073 


2.53104 


2.60135 


2.67165 


2.M1227 


2.88257 


2.95288 


3.02319 


3.09349 


3.16380 


3.23411 


3.30441 


3.37472 


8,51534 


3.5K564 


8.65595 


3.72626 


3.79656 


3.86687 


3.93718 


4.00748 


4.07779 


4.21840 


4.38871 


4.35902 


4.42932 


4.49963 


4.56994 


4.64024 


4.71055 


4.78086 


4.92147 


4.90178 


5.06208 


5.13239 


5.20270 


5.27300 


5.34331 


5.41362 


5.48392 


8.62454 


5.69484 


5.76515 


5.83546 


5.90576 


5.97607 


6.04638 


6.11868 


6.18699 


6.32760 


6.30791 


6.46822 


6.53852 


6.60S83 


6.67914 


6.74944 


6.81975 


6.89006 



9 



0.63276 
1.33583 
2.03889 
2.74196 
3.44508 
4.14810 
4.85116 
5.55423 
6J5730 
6.96036 



Inch-Pounds TO Kilogram-Centimeters — 1 m-lb.=i. 152127 kg-cm 





I 

t 

3 
4 
ft 

« 






1 

1.152 


2 
a.3(M 


3 


4 

4.609 


5 


6 


7 


8 


3.456 


5.761 


6.913 


8J065 


9.217 


11.531 


12.6^1 


13.vS26 


14,978 


16.130 


17.282 


18.434 


19.586 


90.738 


33.m3 


»4J95 


25.347 


26.499 


27.651 


28.803 


29.955 


SM07 


32.960 


34.564 


35.716 


36.JWS 


3S.tm 


39.172 


4a334 


41.4n 


42.629 


43.781 


4<kiVS5 


47.237 


4v^3S?> 


49.541 


5a6»l 


51.846 


52J98 


54J50 


55JQ2 


' 5:.*^ 


5ii,75S 


59.911 61.063 


63.215 


63.367 


64.519 


<&.<71 


€6.833 


«kl5S ^U55|V 7t4;« 73,584 


73.736 


74.SSS 


ItJUiO 


nJ98 


UMS 


AVW* Sl.An S3AV!t. $4.U\5 


S5.357 


86.410 


87.50 


8&n4 


89.869 


sfcMn^ *$LS*i M.4:4 «^er «:,r:v 


97.931, 99.0S3 


lOQLlSS 


101 J87 


I(U(^1 


UH.:^ 


KV2L^. 


io:.i4;s 


lOiSJSCi), 


^IOSlASI, 


^llOJM 


llUSi 


112JQ8 



10369 
21.890 
33.412 
44.S33 
56.454 
C7J» 
79^ 

9ijn8 



UU6I 



«ra 



MEASURES AND WEIGHTS 



METRIC CONVERSION TABLES 

Meteks to Feet — 1 m=3.2808333 ft. 



>^/i> 
^v^ 





1 


2 


3 


4 


5 


6 


7 


8 


9 







3.281 


6.562 


9.843 


13.123 


16.404 


19.685 


22.966 


26.247 


29.528 


1 


32.808 


36.089 


39.370 


42.651 


45.932 


49.213 


52.493 


55.774 


59.055 


62.336 


2 


65.617 


68.898 


72.178 


75.459 


78.740 


82.021 


85.302 


88.583 


91.863 


95.144 


3 


98.425 


101.706 


104.987 


108.268 


111.548 


114.829 


118.110 


121.391 


124.672 


127.953 


4 


131.233 


134.514 


137.795 


141.076 


144.357 


147.638 


150.918 


154.199 


157.480 


160.761 


5 


164.042 


167.323 


170.603 


173.884 


177.165 


180.446 


183.727 


187.008 


190.288 


193.569 


6 


196.850 


200.131 


203.412 


206.693 


209.973 


213.254 


216.535 


219.816 


223.097 


226.378 


7 


229.658 


232.939 


236.220 


239.501 


242.782 


246.063 


249.343 


252.624 


255.905 


259.186 


8 


262.467 


265.748 


269.028 


272.309 


275.590 


278.871 


282.152 


285.433 


288.713 


291.994 





295.275 


298.556 


301.837 


305.118 


308.398 


311.679 


314.960 


318.241 


321.522 


324.803 



Kilograms Per Meter to Pounds Per Foot — ^1 kg/m==o.67i97 


Ib./ft. 


W 





1 


2 


3 


4 


5 


6 


7 


8 


9 







0.6720 


1.3439 


2.0159 


2.6879 


3.3599 


4.0318 


4.7038 


5.3758 


6.0477 


1 


6.7197 


7.3917 


8.0636 


8.7356 


9.4076 


10.0796 


10.7515 


11.4235 


12.0955 


12.7674 


2 


13.4394 


14.1114 


14.7833 


15.4553 


16.1273 


16.7993 


17.4712 


18.1432 


18.8152 


19.4871 


3 


20.1591 


20.8311 


21.5030 


22.1750 


22.8470 


23.5190 


24.1909 


24.8629 


25.5349 


26.2068 


4 


26.8788 


27.5508 


28.2227 


28.8947 


29.5667 


30.2387 


30.9106 


31.5826 


32.2546 


32.9265 


5 


33.5985 


34.2705 


34.9424 


35.6144 


36.2864 


36.9584 


37.6303 


38.3022 


38.9743 


39.6462 


6 


40.3182 


40.9902 


41.6621 


42.3341 


43.0061 


43.6781 


44.3500 


45.0220 


45.6940 


46.3659 


7 


47.0379 


47.7099 


48.3818 


49.0538 


49.7258 


50.3978 


51.0697 


51.7417 


62.4137 


53.0856 


8 


53.7576 


54.4296 


55.1015 


55.7735 


56.4455 


57.1175 


57.7894 


58.4614 


59.1334 


59.8053 


9 


60.4773 


61.1493 


61.8212 


62.4932 


63.1652 


63.8372 


64.5091 


65.1811 


65.8531 


66.5250 



Kg. per Sq. Cm. to Pounds per Sq. Inch — 1 


I kg/cm2=i4.2234 lbs. /in. 2 







1 


2 


3 


4 


5 


6 


7 


8 

113.79 

256.02 

398.26 

640.49 

682.72 

824.96 

967.19 

1109.43 

1251.66 

1393.89 


9 




1 

2 
3 
4 
5 
6 
7 
8 
9 


142.23 
284.47 
426.70 
668.94 
711.17 
853.40 
995.64 
1137.87 
1280.11 


14.22 

156.46 

298.69 

440.93 

683.16 

725.39 

867.63 

1009.86 

1152.10 

1294.33 


28.45 

170.68 

312.91 

455.15 

697.38 

739.62 

881.85 

1024.08 

1166.32 

1308.55 


42.67 

184.90 

327.14 

469.37 

611.61 

753.84 

896.07 

1038.31 

1180.54 

1322.78 


66.89 

199.13 

341.36 

483.60 

625.83 

768.06 

910.30 

1052.53 

1194.77 

1337.00 


71.12 

213.36 

366.59 

497.82 

640.05 

782.29 

924.52 

1066.76 

1208.99 

1351.22 


86.34 

227.57 

369.81 

612.04 

654.28 

796.61 

938.74 

1080.98 

1223.21 

1365.45 


99.66 

241.80 

384.03 

626.27 

668.50 

810.73 

952.97 

1095.20 

1237.44 

1379.67 


128.01 

270.24 

412.48 

554.71 

696.95 

839.18 

981.41 

1123.65 

1265.88 

1408.12 



Kilogram-Centimeters to Inch-Pounds — 1 kg/cm=0.86796 in. /lb. 



\^ 





1 

2 
3 
4 
6 
6 
7 
8 
9 







8.6796 
17.3592 
26.0388 
34.7184 
43.3980 
52.0776 
60.7572 
69.4368 
78.1164 



1 



0.8680 
9.5476 
18.2272 
26.9068 
35.5864 
44.2660 
52.9456 
61.6252 
70.3048 
78.9844 



1.7359 
10.4155 
19.0051 
27.7747 
36.4543 
45.1339 
53.8135 
62.4931 
71.1727 
79.8523 



2.6039 
11.2835 
19.9631 
28.6427 
37.3223 
46.0019 
54.6815 
63.3611 
72.0407 
80.7203 



3.4718 
12.1514 
20.8310 
29.5106 
38.1902 
46.8698 
55.5494 
64.2290 
72.9086 
81.5882 



4.3398 
13.0194 
21.6990 
30.3786 
39.0582 
47.7378 
56.4174 
65.0970 
73.7766 
82.4562 



6 



6.2078 
13.8874 
22.5670 
31.2466 
39.9262 
48.6058 
67.2854 
65.9650 
74.6446 



6.0757 
14.7553 
23.4349 
32.1145 
40.7941 
49.4737 
58.1533 
66.8329 
75.5125 



8 



6.9437 
15.6233 
24.3029 
32.9825 
41.6621 
50.3417 
59.0213 
67.7069 
76.3805 



7.8116 
16.4912 
25.1708 
33.8504 
42.5300 
51.2096 
59.8892 
68.5688 
77.24&4 
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CARNEGIE i 



. COMPANY 



METRIC CONVERSION TABLE 

Inches to MiLLiMETEna 
:7 inches, TJ. S. Stuul&rd=l met«r^lOO ceDtimet«rs=1000 inlllliiieHn. 



luoha 





Vi. 


^6 


%« 


U 


M. 


% 


Vit 


g 


0.O0 


1.59 


3-18 


4 76 


6.35 


7.94 


9.63 


11 1 


1 




2a.Bfl 


28-58 


30:i6 


31.76 


33.34 




3b: I 


2 


6d!sd 








57.15 




60:33 


61. ! 




7a. 20 












85.73 


87, 1 




101. ao 


losiis 


104:7s 


ioa:36 


107:95 


109:54 






6 






130.18 


131.76 


133.36 






i3s: 1 


e 


152.40 












161.93 


183.G 




177.SD 


lyeisB 


180:98 


182:56 


184.15 


185:74 






8 




20*.7fl 


206.38 


207.96 


209.65 


211.14 






g 














238:i3 


239:? 




254:00 


255 ! SB 


26?: 18 


258:76 


260.35 


28i:o4 


283.63 


266.1 






2S0.M 


282.58 


284.16 


285.75 


287.34 




290.5 


















3I5.e 


3 


ssolso 








338:55 


338: 14 


339:73 


341.3 




35S.tiO 


357:10 


358:78 


300:36 


361.95 


363.54 




366.7 






382.6B 


384.18 


385.76 


387.35 


388.94 




392.1 


B 


406.40 












415.93 


417.B1 




431.80 


433:3B 


434:98 


436:56 


438: 15 


439:74 


441.3 


442.B1 




457.20 


458.78 


460.38 


481-90 


483.65 








e 
















493:?! 


30 


5oa!oo 


500.69 


611.18 


512.76 


514.35 


515:94 


617:63 


619.11 




533.4€ 


534.9B 


536.58 


538-16 


539.75 








22 














668:33 


569:fll 


23 


584120 










592:14 


693.73 


595.31 




a09.60 


01J.19 


612-78 


6 J 4-36 


615.95 


617.64 




620.71 






636.69 


638.18 


639.76 










28 








665.16 




668.34 


669.93 


671.51 




assise 


a87:3B 


68s:9a 


690.56 


692: 15 


693.74 




696.61 






712.7B 


714.38 


715.96 


717.56 






















746: 13 




30 


7e2!oo 


763:69 


765.18 


766.76 


76B:36 


769:94 


771.63 


773:11 




7ST.40 


788.99 


790.58 


792-10 


793.75 






708.61 


32 














822:33 


823 .fll 


33 


83S:ao 


839:7D 








846:i4 


847.73 


849.31 




883. ao 


aas.ia 


8Ufl.78 


868.36 


869.95 


871.64 




874.71 






890.59 




893.76 










3B 




9I5'99 








922.34 


923.93 


926.51 




aaaiso 


941.39 


042:98 


944:56 


946: 15 


947.74 




950.91 






9aa.7fl 


968.38 


969.96 










30 










996:95 




1000:13 


1001.71 




loieloo 


1017:59 


1019:18 


1020:76 


1022.35 


1033:94 


1025.53 


1027.11 


41 


1041.40 


1042 99 


1044 58 


1046,16 


1047.75 


1049.34 


1050 93 


1052 61 






1008:39 


1000:98 








1076:33 


1077:91 


43 


loazlao 


1093,79 


1095.38 




1098:55 


1100:14 


1101.73 


1103.31 








1120.78 


1122.36 


1123.96 






1128-71 


45 


1143.00 


1144:59 








1160.94 


1162:53 


1154.11 


46 


1168.40 


1169.09 


171.58 


1173.16 


174.75 


17 .34 


77.93 


1179-61 




1193.80 










20 .74 




1204.91 














227.14 


28173 












124B:36 




25 .54 


254.13 




-SO 


1270.00 


]37i:s9 


27a:is 


ia74.7a 


aTelas 


ia77.i>4 


279J13 


i28i:ii 



MEASURES AND WEIGHTS 



METRIC CONVERSION TABLE 
Inches to Millimeters 
39.37 inches. U. S. Staiidard=l meter=100 centimeters=1000 millimeters 



Inches 


% 


%6 


% 


iMe 


% 


i^ie 


% 


me 





12.70 


14.29 


15.88 


17.46 


19.05 


20.64 


22.23 


23.81 


1 


38.10 


39.69 


41.28 


42.86 


44.45 


46.04 


47.63 


49.21 


2 


63.50 


65.09 


66.68 


68.26 


69.85 


71.44 


73.03 


74.61 


3 


88.90 


90.49 


92.08 


93.66 


95.25 


96.84 


98.43 


100.01 


4 


114.30 


115.89 


117.48 


119.06 


120.65 


122.24 


123.83 


125.41 


5 


139.70 


141.29 


142.88 


144.46 


146.05 


147.64 


149.23 


150.81 


6 


165.10 


166.69 


168.28 


169.86 


171.45 


173.04 


174.63 


176.21 


7 


190.50 


192.09 


193.68 


195.26 


196.85 


198.44 


200.03 


201.61 


8 


215.90 


217.49 


219.08 


220.66 


222.25 


223.84 


225.43 


227.01 


9 


241.30 


242.89 


244.48 


246.06 


247.65 


249.24 


250.83 


252.41 


10 


266.70 


268.29 


269.88 


271.46 


273.05 


274.64 


276.23 


277.81 


11 


292.10 


293.69 


295.28 


296.86 


298.45 


300.04 


301.63 


303.21 


12 


317.50 


319.09 


320.68 


322.26 


323.85 


325.44 


327.03 


328.61 


13 


342.90 


344.49 


346.08 


347.66 


349.25 


350.84 


352.43 


354.01 


14 


368.30 


369.89 


371.48 


373.06 


374.65 


376.24 


377.83 


379.41 


16 


393.70 


395.29 


396.88 


398.46 


400.05 


401.64 


403.23 


404.81 


16 


419.10 


420.69 


422.28 


423.86 


425.45 


427.04 


428.63 


430.21 


17 


444.50 


446.09 


447.68 


449.26 


450.85 


452.44 


454.03 


455.61 


18 


469.90 


471.49 


473.08 


474.66 


476.25 


477.84 


479.43 


481.01 


19 


495.30 


496.89 


498.48 


600.06 


501.65 


503.24 


504.83 


606.41 


20 


620.70 


522.29 


523.88 


525.46 


527.05 


628.64 


530.23 


531.81 


21 


546.10 


647.69 


549.28 


550.86 


552.45 


554.04 


555.63 


657.21 


22 


571.50 


573.09 


574.68 


576.26 


577.85 


579.44 


581.03 


682.61 


23 


596.90 


598.49 


600.08 


601.66 


603.25 


604.84 


606.43 


608.01 


24 


622.30 


623.89 


625.48 


627.06 


628.65 


630.24 


631.83 


633.41 


25 


647.70 


649.29 


650.88 


652.46 


664.05 


655.64 


657.23 


658.81 


26 


673.10 


674.69 


676.28 


677.86 


679.45 


681.04 


682.63 


684.21 


27 


698.50 


700.09 


701.68 


703.26 


704.85 


706.44 


708.03 


709.61 


28 


723.90 


725.49 


727.08 


728.66 


730.25 


731.84 


733.43 


735.01 


29 


749.30 


750.89 


752.48 


754.06 


755.65 


757.24 


758.83 


760.41 


30 


774.70 


776.29 


777.88 


779.46 


781.05 


782.64 


784.23 


785.81 


31 


800.10 


801.69 


803.28 


804.86 


806.45 


808.04 


809.63 


811.21 


32 


825.50 


827.09 


828.68 


830.26 


831.85 


833.44 


836.03 


836.61 


33 


850.90 


852.49 


854.08 


855.66 


857.25 


868.84 


860.43 


862.01 


34 


876.30 


877.89 


879.48 


881.06 


882.65 


884.24 


886.83 


887.41 


35 


901.70 


903.29 


904.88 


906.46 


908.05 


909.64 


911.23 


912.81 


36 


927.10 


928.69 


930.28 


9^1.86 


933.45 


935.04 


936.63 


938.21 


37 


952.50 


954.09 


955.68 


957.26 


958.85 


960.44 


962.03 


963.61 


38 


977.90 


979.49 


981.08 


982.66 


984.25 


985.84 


987.43 


989.01 


39 


1003.30 


1004.89 


1006.48 


1008.06 


1009.65 


1011.24 


1012.83 


1014.41 


40 


1028.70 


1030.29 


1031.88 


1033.46 


1035.05 


1036.64 


1038.23 


1039.81 


41 


1054.10 


1055.69 


1057.28 


1058.86 


1060.45 


1062.04 


1063.63 


1065.21 


42 


1079.50 


1081.09 


1082.68 


1084.26 


1085.85 


1087.44 


1089.03 


1090.61 


43 


1104.90 


1106.49 


1108.08 


1109.66 


1111.25 


1112.84 


1114.43 


1116.01 


44 


1130.30 


1131.89 


1133.48 


1135.06 


1136.65 


1138.24 


1139.83 


1141.41 


45 


1155.70 


1157,29 


1158.88 


1160.46 


1162.05 


1163.64 


1165.23 


1166.81 


46 


1181.10 


1182.69 


1184.28 


1185.86 


1187.45 


1189.04 


1190.63 


1192.21 


47 


1206.50 


1208.09 


1209.68 


1211.26 


1212.85 


1214.44 


1216.03 


1217.61 


48 


1231.90 


1233.49 


1235.08 


1236.66 


1238.25 


1239.84 


1241.43 


1243.01 


49 


1267.30 


1258.89 


1260.48 


1262.06 


1263.65 


1265.24 


1266.83 


.1268AV 


50 


1282.70 


1284.29 


1285.88 


1287.46 


1289.05 


^12i^0.^ 
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CARNEGIE STEEL COMPANY 



METRIC CONVERSION TABLE 
Pounds Avoirdupois to Kilograms 

1 Pound=0.45359 Kilograms 



Pounds 


1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 

44 
45 

46 

47 
48 
49 







I 



4.64 

9.07 

13.61 

18.14 

22.68 

27.22 
31.75 
36.29 
40.82 
45.36 

49.90 
54.43 
68.97 
63.50 
68.04 

72.57 
77.11 
81.65 
86.18 
90.72 

95.26 

99.79 

104.33 

108.86 

113.40 

117.93 
122.47 
127.01 
131.54 
136.08 

140.61 
145.15 
149.69 
154.22 
158.76 

163.29 
167.83 
172.37 
176.90 
181.44 

185.97 
190.51 
195.04 
199.58 
204.12 

208.65 
213.19 
217.72 
222.26 



0.45 

4.99 

9.53 

14.06 

18.60 

23.13 

27.67 
32.21 
36.74 
41.28 
45.81 

60.35 
54.88 
69.42 
63.96 
68.49 

73.03 
77.56 
82.10 
86.64 
91.17 

95.71 
100.24 
104.78 
109.32 
113.85 

118.39 
122.92 
127.46 
132.00 
136.53 

141.07 
145.60 
150.14 
164.68 
159.21 

163.76 
168.28 
172.82 
177.35 
181.89 

186.43 
190.96 
195.50 
200.03 
204.57 

209.11 
213.64 
218.18 
222.71 



0.91 

5.44 

9.98 

14.51 

19.05 

23.59 

28.12 
32.66 
37.19 
41.73 
46.27 

60.80 
65.34 
69.87 
64.41 
68.95 

73.48 
78.02 
82.55 
87.09 
91.63 

96.16 
100.70 
105.23 
109.77 
114.31 

118.84 
123.38 
127.91 
132.45 
136.98 

141.52 
146.06 
150.59 
155.13 
159.66 

164.20 
168.74 
173.27 
177.81 
182.34 

186.88 
191.42 
195.95 
200.49 
205.02 

209.56 
214.10 
218.63 
223.17 



1.36 
6.90 
10.43 
14.97 
19.50 
24.04 

28.68 
33.11 
37.66 
42.18 
46.72 

61.26 
56.79 
60.33 
64.86 
69.40 

73.94 

78.47 
83.01 
87.54 
92.08 

96.62 
101.15 
105.69 
110.22 
114.76 

119.29 
123.83 
128.37 
132.90 
137.44 

141.97 
146.61 
151.05 
155.58 
160.12 

164.65 
169.19 
173.73 
178.26 
182.80 

187.33 
191.87 
196.41 
200.94 
205.48 

210.01 
214.55 
219.09 
223.62 



1.81 
6.35 
10.89 
15.42 
19.96 
24.49 

29.03 
33.67 
38.10 
42.64 
47.17 

51.71 
66.25 
60.78 
65.32 
69.86 

74.39 
78.93 
83.46 
88.00 
92.63 

97.07 
101.60 
106.14 
110.68 
116.21 

119.75 
124.28 
128.82 
133.36 
137.89 

142.43 
146.96 
151.60 
166.04 
160.57 

166.11 
169.64 
174.18 
178.72 
183.25 

187.79 
192.32 
196.86 
201.40 
205.93 

210.47 
215.00 
219.54 
224.07 



2.27 
6.80 
11.34 
15.88 
20.41 
24.95 

29.48 
34.02 
38.56 
43.09 
47.63 

52.16 
66.70 
61.23 
65.77 
70.31 

74.84 
79.38 
83.91 
88.45 
92.99 

97.52 
102.06 
106.69 
111.13 
116.67 

120.20 
124.74 
129.27 
133.81 
138.35 

142.88 
147.42 
151.96 
156.49 
161.03 

166.66 
170.10 
174.63 
179.17 
183.70 

188.24 
192.78 
197.31 
201.85 
206.38 

210.92 

215.46 

219.99 

i 224.53 
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2.72 
7.26 
11.79 
16.33 
20.87 
26.40 

29.94 
34.47 
39.01 
43.54 
48.08 

52.62 
57.15 
61.69 
66.22 
70.76 

76.30 
79.83 
84.37 
88.90 
93.44 

97.98 
102.51 
107.05 
111.58 
116.12 

120.66 
125.19 
129.73 
134.26 
138.80 

143.34 
147.87 
162.41 
156.94 
161.48 

166.01 
170.55 
175.09 
179.62 
184.16 

188.69 
193.23 
197.77 
202.30 
206.84 

211.37 
215.91 
220.45 
224.98 
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3.18 
7.71 
12.25 
16.78 
21.32 
26.85 

30.39 
34.93 
39.46 
44.00 
48.53 

63.07 
67.61 
62.14 
66.68 
71.21 

76.75 
80.29 
84.82 
89.36 
93.89 

98.43 
102.97 
107.50 
112.04 
116.67 

121.11 
126.65 
130.18 
134.72 
139.26 

143.79 
148.32 
162.86 
157.40 
161.93 

166.47 
171.00 
176.64 
180.08 
184.61 

189.16 
193.68 
198.22 
202.76 
207.29 

211.83 
216.36 
220.90 
226.44 
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3.63 
8.16 
12.70 
17.24 
21.77 
26.31 

30.84 
36.38 
39.92 
44.45 
48.99 

63.52 
68.06 
62.60 
67.13 
71.67 

76.20 
80.74 
85.28 
89.81 
94.36 

98.88 
103.42 
107.96 
112.49 
117.03 

121.56 
126.10 
130.63 
135.17 
139.71 

144.24 
148.78 
153.31 
157.86 
162.39 

166.92 
171.46 
175.99 
180.63 
185.07 

189.60 
194.14 
198.67 
203.21 
207.75 

212.28 
216.82 
221.36 
226.89 



4.08 
8.62 
13.15 
17.69 
22.23 
26.76 

31.30 
35.83 
40.37 
44.91 
49.44 

63.98 
68.51 
63.05 
67.59 
72.12 

76.66 
81.19 
85.73 
90.26 
94.80 

99.34 
103.87 
108.41 
112.94 
117.48 

122.02 
126.55 
131.09 
135.62 
140.16 

144.70 
149.23 
153.77 
158.30 
162.84 

167.38 
171.91 
176.45 
180.98 
185.52 

190.06 
194.59 
199.13 
203.66 
208.20 

212.73 
217.27 
221.81 
226.34 
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MEASURES AND WEIGHTS 



METRIC CONVERSION TABLE 
Pounds Avoirdupois to Kilogbams 



1 Pound=0.45359 Kilograms 



Pounds 

50 
51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 

77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 







226.80 
231.33 
235.87 
240.40 
244.94 
249.48 

264.01 
258.55 
263.08 
267.62 
272.16 

276.69 
281.23 
285.76 
290.30 
294.84 

299.37 
303.91 
308.44 
312.98 
317.51 

322.05 
326.59 
331.12 
335.66 
340.19 

344.73 
349.27 
353.80 
358.34 
362.87 

367.41 
371.95 
376.48 
381.02 
385.55 

390.09 
394.63 
399.16 
403.78 
408.23 

412.77 
417.31 
421.84 
426.38 
430.91 

435.45 
439.98 
444.52 
449.06 



227.25 
231.79 
236.32 
240.86 
245.39 
249.93 

254.47 
259.00 
263.54 
268.07 
272.61 

277.14 
281.68 
286.22 
290.75 
295.29 

299.82 
304.36 
308.90 
313.43 
317.97 

322.50 
327.04 
331.58 
336.11 
340.65 

345.18 
349.72 
354.26 
358.79 
363.33 

367.86 
372.40 
376.94 
381.47 
386.01 

390.54 
395.08 
399.61 
404.15 
408.69 

413.22 
417.76 
422.29 
426.83 
431.37 

435.90 
440.44 
444.97 
449.51 



227.70 
232.24 
236.78 
241.31 
245.85 
250.38 

254.92 
259.45 
263.99 
268.53 
273.06 

277.60 
282.13 
286.67 
291.21 
295.74 

300.28 
304.81 
309.35 
313.89 
318.42 

322.96 
327.49 
332.03 
336.57 
341.10 

345.64 
350.17 
354.71 
359.25 
363.78 

368.32 
372.85 
377.39 
381.92 
386.46 

391.00 
395.53 
400.07 
404.60 
409.14 

413.68 
418.21 
422.75 
427.28 
431.82 

436.36 
440.89 
445.43 
449.9^ 



228.16 
232.69 
237.23 
241.76 
246.30 
250.84 

255.37 
259.91 
264.44 
268.98 
273.52 

278.05 
282.59 
287.12 
291.66 
296.20 

300.73 
305.27 
309.80 
314.34 
318.88 

323.41 
327.95 
332.48 
337.02 
341.56 

346.09 
350.63 
355.16 
359.70 
364.23 

368.77 
373.31 
377.84 
382.33 
386.91 

391.45 
395.99 
400.52 
405.06 
409.59 

414.13 
418.67 
423.20 
427.74 
432.27 

436.81 
441.35 
445.88 
450.42 



228.61 
233.15 
237.68 
242.22 
246.75 
251.29 

255.83 
260.36 
264.90 
269.43 
273.97 

278.51 
283.04 
287.58 
292.11 
296.65 

301.19 
305.72 
310.26 
314.79 
319.33 

323.86 
328.40 
332.94 
337.47 
342.01 

346.54 
351.08 
355.62 
360.15 
364.69 

369.22 
373.76 
378.30 
382.83 
387.37 

391.90 
396.44 
400.98 
405.51 
410.05 

414.58 
419.12 
423.66 
428.19 
432.73 

437.26 
441.80 
446.33 
450.87 



229.06 
233.60 
238.14 
242.67 
247.21 
251.74 

256.28 
260.82 
265.35 
269.89 
274.42 

278.96 
283.50 
288.03 
292.57 
297.10 

301.64 
306.17 
310.71 
315.25 
319.78 

324.32 
328.85 
333.39 
337.93 
342.46 

347.00 
351.53 
356.07 
360.61 
365.14 

369.68 
374.21 
378.75 
383.29 
387.82 

392.36 
396.89 
401.43 
405.97 
410.50 

415.14 
419.57 
424.11 
428.64 
433.18 

437.72 
442.25 
446.79 
451.32 
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229.52 
234.05 
238.59 
243.13 
247.66 
252.20 

256.73 
261.27 
265.81 
270.34 
274.88 

279.41 
283.95 
288.48 
293.02 
297.56 

302.09 
306.63 
311.16 
315.70 
320.24 

324.77 
329.31 
333.84 
338.38 
342.92 

347.45 
351.99 
356.52 
361.06 
365.60 

370.13 
374.67 
379.20 
383.74 
388.28 

392.81 
397.35 
401.88 
406.42 
410.95 

415.49 
420.03 
424156 
429.10 
433.63 

438.17 
442.71 
447.24 
451.781 



229.97 
234.51 
239.04 
243.58 
248.12 
252.65 

257.19 
261.72 
266.26 
270.79 
275.33 

279.87 
284.40 
288.94 
293.47 
298.01 

302.55 
307.08 
311.62 
316.15 
320.69 

325.23 
329.76 
334.30 
338.83 
343.37 

347.91 
352.44 
356.98 
361.51 
366.05 

370.59 
375.12 
379.66 
384.19 
388.73 

393.26 
397.80 
402.34 
406.87 
411.41 

415.94 
420.48 
425.02 
429.55 
434.09 

438.62 
443.16 
447.70 
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230.42 
234.96 
239.50 
244.03 
248.57 
253.10 

257.64 
262.18 
266.71 
271.25 
275.78 

280.32 

284.86 
289.39 
293.93 
298.46 

303.00 
307.54 
312.07 
316.61 
321.14 

325.68 
330.22 
334.75 
339.29 
343.82 

348.36 
352.89 
357.43 
361.97 
366.50 

371.04 
375.57 
380.11 
384.65 
389.18 

393.72 
398.25 
402.79 
407.33 
411.86 

416.40 
420.93 
425.47 
430.01 
434.54 

439.08 
443.61 
448.15 



9 



230.88 
235.41 
239.95 
244.49 
249.02 
253.56 

258.09 
262.63 
267.17 
271.70 
276.24 

280.77 
285.31 
289.85 
294.38 
298.92 

303.45 
307.99 
312.53 
317.06 
321.60 

326.13 
330.67 
335.20 
339.74 
344.28 

348.81 
353.35 
357.88 
362.42 
366.96 

371.49 
376.03 
380.56 
385.10 
389.64 

394.17 
398.71 
403.24 
407.78 
412.32 

416.85 
42J.39 
425.92 
430.46 
435.00 

439.53 
444.07 
448.60 



^a^.'-'TiV ^^^.<bsi\^^'^.\^^^ \ 
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PROPERTIES OF THE CIRCLE 

Circumference of Circle of Dia. i = ir = 3.14159265 

Circumference of Circle = 2 ir r 

Dia. of Circle = Circumference x 0.31831 

Diameter of Circle of equal periphery as square = side x 1.27324 

Side of Square of equal periphery as circle = diameter x 0.78540 

Diameter of Circle circumscribed about square = side x 1.41421 

Side of Square inscribed in Circle = diameter x 0.70711 



-X— -*• 




Arc, a 
Angle, A 
Radius, r 



xrA* 



180 

180® a 



= 0.017463 r A* 



^ J. = 67.29578 — 



- Diameter, d = ?- — 

4 b 



8b 



■ A o 

Chord, c= 2V 2br— b2 = 2rsin-^ 



Rise, 
Rise, 



b 
b 

IT 

1_ 

IT 

1 

ir2 



r-3^V4r2-c2 = 4- tan -4^ = 2 r sin^ -— 

2 4 4 






180 

180 

TT 



r+y-Vr2-x2. y=b-r+Vr2-x2 x=\'r2-(r+y-b)2 
3.14159265, log = 0.4971499 

0.3183099, log = 1.5028501 

9.8696044, log = 0.9942997 

= 0.1013212, log = 1.0057003 

= 1.7724539, log = 0.2485749 

= 0.5641896, log =7.7514251 

= 0.0174533, log = 2^2418774 



-— = 57.2957795, log = 1.7581226 
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MENSURATION TABLBS 

AREA OF PLANE FIGUBES 
Base X H perpendicular hdght. 



s=} a Bum of the three sides a, b aod c. 
Sum of area of the two triangles. 
H Bum of parallel aides x perpendicular height. 
Base I perpendicular height. 
Yi sum of sides t. inside radius. 
IT r* = 0.78640 K dia.* = 0.07958 X ciroumtereDce^. 
- g — = 0.0087266 r^A° = arc X }^ radiua. 



TrapeilDBi : 
Tiapciold : 
Panltclasrmln : 

Orcle; 

Sector or Circle: 

8«noeDt of Orde: ^ ^-^V^ -MB A°^ 

Circle of Hue uo u aQBue:, diameter = side i 1.12838 

SgDuvot Hneuea widrelei side = diameter x 0.88623 

eiiiph: Jjong diameter X short diameter XO.T8540 

PumboUi Base K % perpendicular height. 



a- : ^ : -b 



Divide any plane surface A, B, C, D, along a line a-b into an even 
number, n, of parallel and sufficiently small strips, d, whose ordinatea 

are hi, ha, ha, lu, hs hn— i, hn, hn+i, and considering contours 

between three ordinateS as parabolic curves, then (or section ABCD, 
[hi+hfl+i+4(hiri-hi-i-h«. , .+hn)+2 (ha+hE+hi. . .-f-hn-l)] 

or, approximately. Area ^ Sum of ordinates i width, d. 
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TRIGONOMETRIC FORMULAS 



1^ 


.--_ o,j..,J!:s^ 




z, 






% 




i cadlua=I— 


-J 









. . »*A 1 



■•(*±B) ^ic 



-k—nP^?^ 




-I-I- 






OJlO-fff «•>+" -Mlo-t W-^ 



MENSURATION TABLES 



TRIGONOMETRIC SOLUTION OF TRIANGLES 







RicJHT- Angled 


Trian 


3LEB 




».c 


A. B, b 


«toA^,- 


B = T 




b^,/ C-»= 




Area 


Area = -| V^^^ 


0. b 


A.B, c 


tanA = -|-. 


« = T 




o = ^a. + t, 




Are. 


Area — '" "^ 


A.n 


B, b, <■ 


B = 00--A. 


b = BO 


DtA. 


-ili^A 




Areu 


Aroa =i^^li ' 


A.b 


B. B. c 


B = BO°-A, 


»=b 


tan A, 


-^ 




Area 


^^ WtaD A 














A.c 


B.a. b 


B = 90°-A, 


a=o.dnA, 


b = oCOaA 




Area 






sin 2 A 
4 













OfiLiQiiE-A'NOt.ED Triangles 



a, b. c 


A 


-«- VJ=ft!=i.".-'- -V^.-»- V-'tSS'' 




B 


•bn- •\(1!314h1,™ib_ •\/I|i,^,B_ "V^LM 







"10- ■Vi£aM2,,>,c_ ■ViM,».ic_ V^iiitii 




Area 


Aroa =- y/ s (s-nj (s-hj (s-cl 


a. A. B 


b.c 


j^ iislnB ^ uslnC a sin (A + Bi 




Area 


A,»-,.b.»C.^ifi|f!ii 


a. b, A 


B 


.I.B_-!1J^ 






" -^^sSSP-^Sf-v""-'—— ' 




Area 


Area = J a b sin C 


a, b, C 


A 


•"i-cffenr. .anllA-B,_J^™,a 






■ =V^ + "-».»-O.JL|ii^ 




Aroa 


Area = i ab aln c 



<l« =• b» + o"— 2bc caa A, b>=Ba + 



1 na = a« + b"— 2abco«0 
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ARKA OF CIRCULAR SECTIONS 

CImilar Sectdr. n d n p 





AreB="^ (Icnglli of ari:, m 


p n I radius, r) 




=0.008728 


I squaio Qt n 


iu., li-.mnglBol »«.mpi..md.»r«-e 




CIruI 


* Begn.™t. n. 


pn.lB. IhanhJIdrd^ 


Are 


=(l™gtb 


"r^'p^,"™ 


p—aroa of triangle, mon 
riiiB, r) - (radiiis.r, -rine.b) icbaidj^ 




CircDlu 


a=^™.... 


n. urait^r than h.lt ciKle. J 


AT 


^roiLO 


circle -arr^a 


of segment, mnp 1 








trom Table 1. pace 3SS. ' 


Ar 


n=produ 


rise, b. and 
C or rbe and 


chord, c. 




eoemc 


ent Biven 


pposlte tbo quotient of -|-: 




Intflnt 


oIliLtorocISc 


Dntsrorvaliiesof-^notglTBO 



diamotor, <l = 2r. 

'. d'. multiplied liy 
opposite the quociunt of -^ . 



tDtemiedlDiC« coeCBdeiits (or vi 



r = 2^1„ H- 6'(fi!i = 0.*: 



MENSURATION TABLES 



AREAS OF CIRCULAR SEGMENTS 
Table 1 — Fob Ratios of Rise and Chobd 












Area=«0 x b 


X coefficient 










A« 


Coeffi- 


b 


A** 


Coeffi- 


b 


A° 


Coeffi- 


b 


A** 


Coeffi- 


b 


cient 


C 


cient 


C 


cient 


•C 


cient 


C 


1 


.6667 


.0022 


46 


.6722 


.1017 


91 


.6895 


.2097 


136 


.7239 


.3373 


2 


.6667 


.0044 


47 


.6724 


.1040 


92 


.6901 


.2122 


137 


.7249 


.3404 


3 


.6667 


.0066 


48 


.6727 


.1063 


93 


.6906 


.2148 


138 


.7260 


.3436 


4 


.6667 


.0087 


49 


.6729 


.1086 


94 


.6912 


.2174 


139 


.7270 


.3469 


5 


.6667 


.0109 


50 


.6732 


.1109 


95 


.6918 


.2200 


140 


.7281 


.3501 


6 


.6667 


.0131 


51 


.6734 


.1131 


96 


.6924 


.2226 


141 


.7292 


.3534 


7 


.6668 


.0153 


52 


.6737 


.1154 


97 


.6930 


.2252 


142 


.7303 


.3567 


8 


.6668 


.0175 


53 


.6740 


.1177 


98 


.6936 


.2279 


143 


.7314 


.3600 


9 


.6669 


.0197 


54 


.6743 


.1200 


99 


.6942 


.2305 


144 


.7325 


.3633 


10 .6670 


.0218 


55 


.6746 


.1224 


100 


.6948 


.2332 


145 


.7336 


.3666 


11 i .6670 


.0240 


56 


.6749 


.1247 


101 


.6954 


.2358 


146 


.7348 


.3700 


12 .6671 


.0262 


67 


.6752 


.1270 


102 


.6961 


.2385 


147 


.7360 


.3734 


13 .6672 


.0284 


58 


.6755 


.1293 


103 


.6967 


.2412 


148 


.7372 


.3768 


14 1 .6672 


.0306 


59 


.6758 


.1316 


104 


.6974 


.2439 


149 


.7384 


.3802 


15 ! .6673 


.0328 


60 


.6761 


.1340 


105 


.6980 


.2466 


150 


.7396 


.3837 


16 


.6674 


.0350 


61 


.6764 


.1363 


106 


.6987 


.2493 


151 


.7408 


.3871 


17 


.6674 


.0372 


62 


.6768 


.1387 


107 


.6994 


.2520 


152 


.7421 


.3906 


18 


.6675 


.0394 


63 


.6771 


.1410 


108 


.7001 


.2548 


153 


.7434 


.3942 


19 


.6676 


.0416 


64 


.6775 


.1434 


109 


.7008 


.2575 


154 


.7447 


.3977 


20 


.6677 


.0437 


65 


.6779 


.1457 


lie 


.7015 


.2603 


155 


.7460 


.4013 


21 


.6678 


.0459 


66 


.6782 


.1481 


111 


.7022 


.2631 


156 


.7473 


.4049 


22 


.6679 


.0481 


67 


.6786 


.1505 


112 


.7030 


.2659 


157 


.7486 


.4085 


23 


.6680 


.0504 


68 


.6790 


.1529 


113 


.7037 


.2687 


158 


.7500 


.4122 


24 ! .6681 


.0526 


69 


.6794 


.1553 


114 


.7045 


.2715 


159 


.7514 


.4159 


25 .6682 


.0548 


70 


.6797 


.1577 


115 


.7052 


.2743 


160 


.7528 


.4196 


26 .6684 


.0570 


71 


.6801 


.1601 


116 


.7060 


.2772 


161 


.7542 


.4233 


27 1 .6685 


.0592 


72 


.6805 


.1625 


117 


.7068 


.2800 


162 


.7567 


.4270 


28 : .6687 


.0614 


73 


.6809 


.1649 


118 


.7076 


.2829 


163 


.7571 


.4308 


29 


.6688 


.0636 


74 


.6814 


.1673 


119 


.7084 


.2858 


164 


.7586 


.4346 


30 


.6690 


.0658 


75 


.6818 


.1697 


120 


.7092 


.2887 


165 


.7601 


.4385 


31 


.6691 


.0681 


76 


.6822 


.1722 


121 


.7100 


.2916 


166 


.7616 


.4424 


32 ' .6693 


.0703 


77 


.6826 


.1746 


122 


.7109 


.2945 


167 


.7632 


.4463 


33 .6694 


.0725 


78 


.6831 


.1771 


123 


.7117 


.2975 


168 


.7648 


.4502 


34 .6696 


.0747 


79 


.6835 


.1795 


124 


.7126 


.3004 


169 


.7664 


.4542 


35 .6698 


.0770 


80 


.6840 


.1820 


125 


.7134 


.3034 


170 


.7680 


.4582 


36 .6700 


.0792 


81 


.6844 


.1845 


126 


.7143 


.3064 


171 


.7696 


.4622 


37 ' .6702 


.0814 


82 


.6849 


.1869 


127 


.7152 


.3094 


172 


.7712 


.4663 


38 1 .6704 


.0837 


83 


.6854 


.1894 


128 


.7161 


.3124 


173 


.7729 


.4704 


39 , .6706 


.0859 


84 


.6859 


.1919 


129 


.7170 


.3155 


174 


.7746 


.4745 


40 1 .6708 


.0882 


85 


.6864 


.1944 


130 


.7180 


.3185 


175 


.7763 


.4787 


41 .6710 


.0904 


86 


.6869 


.1970 


131 


.7189 


.3216 


176 


.7781 


.4828 


42 .6712 


.0927 


87 


.6874 


.1995 


132 


.7199 


.3247 


177 


.7799 


.4871 


43 .6714 


.0949 


88 


.6879 


.2020 


133 


.7209 


.3278 


178 


.7817 


.4914 


44 .6717 


.0972 


89 


.6884 


.2046 


134 


.7219 


.3309 


179 


.7835 


.4957 


45 


1 .6719 


.0995 


90 


.6890 


.2071 


135 


.7229 


.3341 


180 


.7854 


k ,6fifiR^ 
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AREAS OF 


CIRCULAR SEGMENTS 








Table II, for Ratios of Rise and Diameter 








t. 


— Diame 


fjtr A 


\ . 












f 


^^j-^U -— — ■^ — • 


1 




Area=da x Coeflacient 


1 




b 


Coefficient 

i 

1 


b 


Coefficient 


b 
T 


Coefficient 


b 

d 


Co^cient 


b 
T 


Cbefficient 




.001 


.000042 


.051 


.015119 


.101 


.041477 


.151 


.074590 


.201 


.112625 


.002 


.000119 


.052 


.015561 


.102 


.042081 


.152 


.075307 


.202 


.113427 




.003 


.000219 


.053 


.016008 


.103 


.042687 


.153 


.076026 


.203 


.114231 




.004 


.000337 


.054 


.016458 


.104 


.043296 


.154 


.076747 


.204 


.115030 




.005 


.000471 


.055 


.016912 


.106 


.043908 


.165 


.077470 


.206 


.116842 


1 


.006 


.000619 


.056 


.017369 


.106 


.044523 


.156 


.078194 


.206 


.116651 




.007 


.000779 


.057 


.017831 


.107 


.045140 


.157 


.078921 


.207 


.117460 




.008 


.000952 


.058 


.018297 


.108 


.045759 


.158 


.079650 


.208 


.118271 




.009 


.001135 


.059 


.018766 


.109 


.046381 


.159 


.080380 


.209 


.119084 




.010 


.001329 


.060 


.019239 


.110 


.047006 


.160 


.081112 


.210 


.119898 




.011 


.001533 


.061 


.019716 


.111 


.047633 


.161 


.081847 


.211 


.120713 




.012 


.001746 


.062 


.020197 


.112 


.048262 


.162 


.082582 


.212 


.121530 




.013 


.001969 


.063 


.020681 


.113 


.048894 


.163 


.083320 


.213 


.122348 




.014 


.002199 


.064 


.021168 


.114 


.049529 


.164 


.084060 


.214 


.123167 




.015 


.002438 


.065 


.021660 


.115 


.050165 


.166 


.084801 


.216 


.123988 




.016 


.002685 


.066 


.022155 


.116 


.050805 


.166 


.085646 


.216 


.124811 




.017 


.002940 


.067 


.022653 


.117 


.051446 


.167 


.086290 


.217 


.125634 




.018 


.003202 


.068 


.023155 


.118 


.052090 


.168 


.087037 


.218 


.126459 




.019 


.003472 


.069 


.023660 


.119 


.052737 


.169 


.087786 


.219 


.127286 




.020 


.003749 


.070 


.024168 


.120 


.053385 


.170 


.088636 


.220 


.128114 




.021 


.004032 


.071 


.024680 


.121 


.054037 


.171 


.089288 


.221 


.128943 




.022 


.004322 


.072 


.025196 


.122 


.054690 


.172 


.090042 


.222 


.129773 




.023 


.004619 


.073 


.025714 


.123 


.055346 


.173 


.090797 


.223 


.130605 




.024 


.004922 


.074 


.026236 


.124 


.056004 


.174 


.091666 


.224 


.131438 




.025 


.005231 


.075 


.026761 


.125 


.056664 


.175 


.092314 


.226 


.132273 




.026 


.005546 


.076 


.027290 


.126 


.057327 


.176 


.093074 


.226 


.133109 




.027 


.005867 


.077 


.027821 


.127 


.057991 


.177 


.093837 


.227 


.133946 




.028 


.006194 


.078 


.028356 


.128 


.058658 


.178 


.094601 


.228 


.134784 




.029 


.006527 


.079 


.028894 


.129 


.059328 


.179 


.095367 


.229 


.136624 




.030 


.006866 


.080 


.029435 


.130 


.059999 


.180 


.096136 


.230 


.136465 




.031 


.007209 


.081 


.029979 


.131 


.060673 


.181 


.096904 


.231 


.137307 




.032 


.007559 


.082 


.030526 


.132 


.061349 


.182 


.097676 


.232 


.138151 : 1 


.033 


.007913 


.083 


.031077 


.133 


.062027 


.183 


.098447 


.233 


.138996 ; | 


.034 


.008273 


.084 


.031630 


.134 


.062707 


.184 


.099221 


.234 


.139842 




.035 


.008638 


.085 


.032186 


.135 


.063389 


.185 


.099997 


.235 


.140689 i 


.036 


.009008 


.086 


.032746 


.136 


.064074 


.186 


.100774 


.236 


.141538 1 


.037 


.009383 


.087 


.033308 


.137 


.004761 


.187 


.101553 


.237 


.142388 


.038 


.009764 


.088 


.033873 


.138 


.065449 


.188 


.102334 


.238 


.143239 


.0.39 


.010148 


.089 


.034441 


.139 


.066140 


.189 


.103116 


.239 


.144091 


.010 


.010538 


.090 


.035012 


.140 


.066833 


.190 


.103900 


.240 


.144945 


.041 


.010932 


.091 


.035586 


.141 


.067528 


.191 


.104686 


.241 


.145800 


.042 


.011331 


.092 


.036162 


.142 


.008225 


.192 


.105472 


.242 


.146656 


.043 


.011734 


■ .093 


.036742 


.143 


.068924 


.193 


.106261 


.243 


.147513 ' 


.044 


.012142 


i .094 


.037324 


.144 


.009026 


.194 


.107051 


.244 


.148371 1 1 


.045 


.012555 


.095 


.037909 


.145 


.070329 


.195 


.107843 


.245 


.149231 




.046 


.012971 


.096 


.038497 


.146 


.071034 


.196 


.108636 


.246 


.160091 




.047 


.013393 


, .097 


.039087 


.147 


.071741 


.197 


.109431 


.247 


.150953 




.048 


.013818 


I .098 


.039681 


.148 


.072450 


.198 


.110227 


.248 


.151816 




.049 


.014248 


.099 


.040277 


.149 


.073102 


.199 


.111025 


.249 


.152681 




1 .030 J .014081 J 


; .100 1 .040875 


.150 


.073875 


.200 


.111824 


.260 


.163646 
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MENSURATION TABLBS 



AREAS OF CIRCULAR SEGMENTS 
Table II, For Rat^ps op Rise and Diameter — Concluded 










Area=da 


X coefficient 








b 
d 


Coefficient 


b 
d 


Coefficient 


b 
d 


Coefficient 


b 
d 


Coefficient 


b 
d 


Co^cient 


.251 


.154413 


.301 


.199085 


.351 


.245935 


.401 


.294350 


.461 


.343778 


.262 


.155281 


.302 


.200003 


.352 


.246890 


.402 


.296330 


.462 


.344773 


.253 


.156149 


.303 


.200922 


.353 


.247845 


.403 


.296311 


.453 


.345768 


.254 


.157019 


.304 


.201841 


.354 


.248801 


.404 


.297292 


.464 


.346764 


.255 


.157891 


.305 


.202762 


.355 


.249758 


.405 


.298274 


.455 


.347760 


.256 


.158763 


.306 


.203683 


.366 


.250715 


.406 


.299256 


.456 


.348756 


.257 


.169636 


.307 


.204605 


.357 


.251673 


.407 


.300238 


.457 


.349752 


.258 


.160511 


.308 


.206528 


.368 


.252632 


.408 


.301221 


.458 


.350749 


.259 


.161386 


.309 


.206452 


.359 


.253591 


.409 


.302204 


.459 


.351745 


.260 


.162263 


.310 


.207376 


.360 


.254551 


.410 


.303187 


.460 


.352742 


.261 


.163141 


.311 


.208302 


.361 


.255511 


.411 


.304171 


.461 


.353739 


.262 


.164020 


.312 


.209228 


.362 


.256472 


.412 


.305156 


.462 


.354736 


.263 ■ 


.164900 


.313 


.210155 


.363 


.257433 


.413 


.306140 


.463 


.355733 


.264 


.165781 


.314 


.211083 


.364 


.258395 


.414 


.307125 


.464 


.356730 


.265 


.166663 


.315 


.212011 


.365 


.259358 


.415 


.308110 


.465 


.357728 


.266 


.167546 


.316 


.212941 


.366 


.260321 


.416 


.309096 


.466 


.358725 


.267 


.168431 


.317 


.213871 


.367 


.261285 


.417 


.310082 


.467 


.359723 


.268 


.169316 


.318 


.214802 


.368 


.262249 


.418 


.311068 


.468 


.360721 


.269 


.170202 


.319 


.215734 


.369 


.263214 


.419 


.312065 


.469 


.361719 


.270 


.171090 


.320 


.216666 


.370 


.264179 


.420 


.313042 


.470 


.362717 


.271 


.171978 


.321 


.217600 


.371 


.265145 


.421 


.314029 


.471 


.363715 


.272 


.172868 


.322 


.218534 


.372 


.266111 


.422 


.315017 


.472 


.364714 


.273 


.173758 


.323 


.219469 


.373 


.267078 


.423 


.316006 


.473 


.365712 


.274 


.174650 


.324 


.220404 


.374 


.268046 


.424 


.316993 


.474 


.366711 


.275 


.175542 


.325 


.221341 


.375 


.269014 


.425 


.317981 


.475 


.367710 


.276 


.176436 


.326 


.222278 


.376 


.269982 


.426 


.318970 


.476 


.368708 


.277 


.177330 


.327 


.223216 


.377 


.270951 


.427 


.319959 


.477 


.369707 


.278 


.178226 


.328 


.224154 


.378 


.271921 


.428 


.320949 


.478 


.370706 


.279 


.179122 


.329 


.225094 


.379 


.272891 


.429 


.321938 


.479 


.371705 


.280 


.180020 


.330 


.226034 


.380 


.273861 


.430 


.322928 


.480 


.372704 


.281 


.180918 


.331 


.226974 


.381 


.274832 


.431 


.323919 


.481 


.373704 


.282 


.181818 


.332 


.227916 


.382 


.275804 


.432 


.324909 


.482 


.374703 


.283 


.182718 


.333 


.228858 


.383 


.276776 


.433 


.325900 


.483 


.375702 


.284 


.183619 


.334 


.229801 


.384 


.277748 


.434 


.326891 


.484 


.376702 


.285 


.184522 


.335 


.230745 


.385 


.278721 


.435 


.327883 


.485 


.377701 


.286 


.185426 


.336 


.231689 


.386 


.279695 


.436 


.328874 


.486 


.378701 


.287 


.186329 


.337 


.232634 


.387 


.280069 


.437 


.329866 


.487 


.379701 


.288 


.187235 


.338 


.233580 


.388 


.281643 


.438 


.330858 


.488 


.380700 


.289 


.188141 


.339 


.234526 


.389 


.282618 


.439 


.331851 


.489 


.381700 


.290 


.189048 


.340 


.235473 


.390 


.283593 


.440 


.332843 


.490 


.382700 


.291 


.189956 


.341 


.236421 


.391 


.284569 


.441 


.333836 


.491 


.383700 


.292 


.190865 


.342 


.237369 


.392 


.285545 


.442 


.334829 


.492 


.384699 


.293 


.191774 


.343 


.238319 


.393 


.286521 


.443 


.335823 


.493 


.385699 


.294 


.192685 


.344 


.239268 


.394 


.287499 


.444 


.336816 


.494 


.386699 


.295 


.193597 


.345 


.240219 


.395 


.288476 


.445 


.337810 


.495 


.387699 


.296 


.194609 


.346 


.241170 


.396 


.289454 


.446 


.338804 


.496 


.388699 


.297 


.195423 


.347 


.242122 


.397 


.290432 


.447 


.339799 


.497 


.389699 


.298 


.196337 


.348 


.243074 


.398, 


,291411 


.448 


.340793 


.498 


.390699 


.299 


.197262 


.349 


.244027 


.399 


.292390 


.449 


.341788 


.499 


.391699 


300 


.198168 


.350 


.244980 


.400 


.293370 


.450 


.3427%^ 


Iv ,^<iQ 


V, .'i'^*i.^^'^ 
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SURFACE AND VOLUME OF SOLIDS 
S=Lateral OB Convex Sukface. V=Volume 

Parallelopiped 

s S=perimeter, P, perp. to sides xlat. length, 1: 
J. V=area of base. B x perpendicular height, h : 
V=area of section. A. perp. to sides xlat. length, 1: 

Prism, Rigrht or Oblique, Rearular or Irrearalar 

S=perimeter, P. perp. to sides x lat. length, 1: 
V=area of base, B x perpendicular height, h : 
V=area of section. A. perp. to sides x lat. length, 1 : 




PI 
Bh 

Al 



PI 
Bh 

Al 




(♦--a--'^ 



V b — >. 



L 




Cylinder, Rigrht or Obliqne, Circular or Elliptic, etc 

S =perimeter of base, O x perp. height, h : Oh 

S=porimeter, P. perp. to sides xlat. length, 1: PI 

V=area of base, B x perpendicular height, h: Bh 

V=area of section. A. perp. to sides x lat. length, 1 : Al 



Frustum of any Prism or Cylinder 

V=area of base, B x perp. distance, h, from base 

to center of gravity of opposite face: Bh 

For cylinder: H A ai + la) 



Pyramid or Cone, Riffht and R^rular 

S=perimeter of base, B x J^ slant height, 1: % Bl 
y=area of base, B x ^ perp. height, h: V^ Bh 

Pyramid or Cone, Rigrht or Oblique, Rearular or Irregular 

V=area of base. B x ir& perp. height, h: ^ Bh 

V=V^ volume of prism or cylinder of same base 

and perpendicular height 
V=4^ voliune of hemisphere of same base and 

perpendicular hcigiit 

Frustum of Pyramid or Cone, Rigrht and R^rular, 

Parallel Ends 

S=(sum of perimeter of base, B, and top, b) x% slant 
height. 1: J«^l (B + b) 

V=(simi of areas of base. B, and top, b 4- square 
root of their products) x^ perp. height, h: 

H h (B + b + i/Tbl 

Frustum of any Pyramid or Cone, Pai^M Ends 

V=(sum of areas of base, B, and top, b + square 

root of their products) x H perp. hei^t, h: 

% h (B + b + i/Tb") 

Wedgre, Paralleloflrram Face 

V=% (sum of three edges, aba x perpendicular 

%dh(2a + b) 



height, h x perpendicular width, d) : 



Prismatoid 

V=% perp. height, h (sum of areas of base, B, and top 
b, + 4 X area of section, M, parallel to bases 
and midway between them; : 

V^h(B + b4-4M) 

The Prismatoid formula applies also to any of 

the foregoing solids with parallel bases, to pyramids, 

cones, spherical sections, and to many solids with 

irregular surfaces. 
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MENSURATION TABLES 



SURFACE AND VOLUME OF SOLIDS— Concluded 
S=Lateral or Convex Surface. V=Volumb 

Sphere 

S=4irr2= IT rf2 = 3.14159265 da 
¥==% TT r8 = Ye TT ds = 0.52359878 d» 

Spherical Sector 

S =1/2 IT r (4 b + c) 

V=% TT r2 b 

Spherical S^rment 

S=2 TT r b = iri TT (4 b2 + c2; 

V=y8 TT b2 (3 r-b) = y24 TT b (3 c2 + 4 ba) 

Spherical Zone 
S=2 Trr b 

V=H»4 TT b (3 a2 + 3 c2 + 4 b2) 




C3} 



-^ r r"R-*r«-R-->5 r (♦- 




U-— h— 



1 — 




Circular Rins 



S=4 7r2 Rr 
V=2 ir2 R r2 



Unsula of Riffht, Resrular Cylinder 



Base=Seginent, b a b 
S =(2 r in-o x arc, b a b) 

V=(% m8-o X area, b a b) 



r-o 

h 



r-o 



Base=Segment, c a c 

h 

S=(2r n + p X arc, c a c) j. ^ 

h 



V=(% n« + p X area, c a c) 

V=V'a TT r a b 



r + p 
Ellipsoid 



Base=Half Circle 
S=2rh 

V=94 ra h 
Base=Circle 

S=rirh 

V=% ra X h 



\=Y, TT r-' h 



Paraboloid 



Ratio of corresponding volumes of a Cone, Parabo- 
loid, Sphere, and Cylinder of equal height: %:%:%: 1 

Bodies Generated by Partial or Complete Revolution 

1 =length of a curve ) rotating about an axis 1-1 
A=area of a plane > on one side and in plane of axis 
r=distance of center of gravity of line or plane from 
axis 1-1 and for any angle of revolution, a**, 

— 2QQ — ^=lengthof arc described by center of gravity. 
S =length of curve x length of arc about axis 



=1 



2 r TT a' 
360 



For complete revolution S= 2r irl 



Y=area of plane x length of arc about axis 



2r7ra' 
360 



For complete revolution "^^=*Lx ic few. 



387 



CARNEQIE STEEL COMPANY 



Functions op Numbers, 1 to 49 










^4. ■ ■ 




1000 


No.= 


Diameter 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


X 

Reciprocal 






Circum. 


Area 


1 


1 


1 


1.0000 


1.0000 


0.00000 


1000.000 


3.142 


0.7854 


2 


4 


8 


1.4142 


1.2599 


0.30103 


600.000 


6.283 


3.1416 


3 


9 


27 


1.7321 


1.4422 


0.47712 


333.333 


9.425 


7.0686 


4 


16 


64 


2.0000 


1.5874 


0.60206 


250.000 


12.566 


12.5664 


6 


25 


125 


2.2361 


1.7100 


0.69897 


200.000 


15.708 


19.6350 


6 


36 


216 


2.4495 


1.8171 


0.77815 


166.667 


18.850 


28.2743 


7 


49 


343 


2.6458 


1.9129 


0.84510 


142.857 


21.991 


38.4845 


8 


64 


512 


2.8284 


2.0000 


0.90309 


126.000 


26.133 


60.2655 


9 


81 


729 


3.0000 


2.0801 


0.95424 


111.111 


28.274 


63.6173 


10 


100 


1000 


3.1623 


2.1544 


1.00000 


100.000 


31.416 


78.5398 


11 


121 


1331 


3.3166 


2.2240 


1.04139 


90.9091 


34.568 


95.0332 


12 


144 


1728 


3.4641 


2.2894 


1.07918 


83.3333 


37.699 


113.097 


13 


169 


2197 


3.6056 


2.3513 


1.11394 


76.9231 


40.841 


132.732 


14 


196 


2744 


3.7417 


2.4101 


1.14613 


71.4286 


43.982 


163.933 


15 


225 


3375 


3.8730 


2.4662 


1.17609 


66.6667 


47.124 


176.715 


16 


256 


4096 


4.0000 


2.5198 


1.20412 


62.5000 


60.265 


201.062 


17 


289 


4913 


4.1231 


2.5713 


1.23045 


58.8235 


53.407 


226.980 


18 


324 


583^ 


4.2426 


2.6207 


1.25527 


55.5556 


66.549 


254.469 


19 


361 


6859 


4.3589 


2.6684 


1.27875 


52.6316 


69.690 


283.529 


20 

1 


400 


8000 


4.4721 


2.7144 


1.30103 


50.0000 


62.832 


314.159 


21 


441 


9261 


4.5826 


2.7589 


1.32222 


47.6190 


65.973 


346.361 


22 


484 


10648 


4.6904 


2.8020 


134242 


45.4545 


69.116 


380.133 


23 


529 


12167 


4.7958 


2.8439 


1.36173 


43.4783 


72.257 


415.476 1 


24 


576 


13824 


4.8990 


2.8845 


1.38021 


41.6667 


75.398 


462.389 


25 


625 


15625 


5.0000 


2.9240 


1.39794 


40.0000 


78.540 


490.874 


26 


676 


17576 


5.0990 


2.9625 


1.41497 


38.4615 


81.681 


630.929 


27 


729 


19683 


5.1962 


3.0000 


1.43136 


37.0370 


84.823 


672.655 


28 


784 


21952 


5.2915 


3.0366 


1.44716 


35.7143 


87.965 


616.752 


29 


841 


24389 


6.3852 


3.0723 


1.46240 


34.4828 


91.106 


660.620 


30 


900 


27000 


6.4772 


3.1072 


1.47712 


33.3333 


94.248 


706.858 


31 


961 


29791 


6.5678 


3.1414 


1.49136 


32.2681 


97.389 


764.768 


32 


1024 


32768 


5.6569 


3.1748 


1.50515 


31.2500 


100.631 


804.248 


33 


1089 


35937 


5.7446 


3.2075 


1.51851 


30.3030 


103.673 


866.299 


34 


1156 


39304 


5.8310 


3.2396 


1.53148 


29.4118 


106.814 


907.920 


35 


1225 


42875 


5.9161 


3.2711 


1.54407 


28.5714 


109.966 


962.113 


36 


1296 


46656 


6.0000 


3.3019 


1.55630 


27.7778 


113.097 


1017.88 


37 


1369 


50653 


6.0828 


3.3322 


1.56820 


27.0270 


116.239 


1075.21 


38 


1444 


54872 


6.1644 


3.3620 


1.57978 


26.3158 


119.381 


1134.11 


39 


1521 


59319 


6.2450 


3.3912 


1.59106 


25.6410 


122.522 


1194.59 


40 


1600 


64000 


6.3246 


3.4200 


1.60206 


25.0000 


126.66 


1266.64 


41 


1681 


68921 


6.4031 


3.4482 


1.61278 


24.3902 


128.81 


1320.25 


42 


1764 


74088 


6.4807 


3.4760 


1.62325 


23.8095 


131.95 


1385.44 


43 


1849 


79507 


t.5574 


3.5034 


1.63347 


23.2558 


135.09 


1452.20 


44 


1936 


85184 


6.6332 


3.5303 


1.64345 


22.7273 


138.23 


1520.53 


45 


2025 


91125 


6.7082 


3.5569 


1.65321 


22.2222 


141.37 


1590.43 


46 


2116 


97336 


6.7823 


3.5830 


1.66276 


21.7391 


144.61 


1661.90 


47 


2209 


103823 


6.8557 


3.6088 


1.67210 


21.2766 


147.66 


1734.94 


*48 


2304 


110592 


6.9282 


3.6342 


1.68124 


20.8333 


160.80 


1809.56 


49 1 


2401 


117G49 


7.0000 


3.6593 


1.69020 


20.4082 


163.94 


1885.74 



^sa 
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.0023 

1240 

8.1851 



2123.72 

220fi.lS 
2200.22 



3318.31 
3421. IB 
3626. 6G 



4186.39 

1417. SO 
4636. 4S 
4050.03 
4778.36 
4S01.G7 

5026.G6 
5153.00 
5281.02 
5410.61 
5541.77 
S674.50 
58D8.S0 
6044.66 
0082.1 a 
0221.14 

6361.73 
eS03.8S 
6047.01 
0702. Bl 
693S.78 
7088.22 

7389.81 
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Functions of Numbers, 100 to 149 





Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. — Diameter 


No.. 


Circom. 


Area 


100 


10000 


1000000 


10.0000 


4.6416 


2.00000 


10.0000 


314.16 


7853.98 


101 


10201 


1030301 


10.0499 


4.6570 


2.00432 


9.90099 


317.30 


8011.85 


102 


10404 


1061208 


10.0995 


4.6723 


2.00860 


9.80392 


320.44 


8171.28 


103 


10609 


1092727 


10.1489 


4.6875 


2.01284 


9.70874 


323.58 


8332.29 


104 


10816 


1124864 


10.1980 


4.7027 


2.01703 


• 9.61538 


326.73 


8494.87 


105 


11025 


1157625 


10.2470 


4.7177 


2.02119 


9.52381 


329.87 


8659.01 


106 


11236 


1191016 


10.2956 


4.7326 


2.02531 


9.43396 


333.01 


8824.73 


107 


11449 


1225043 


10.3441 


4.7475 


2.02938 


9.34579 


336.15 


8992.02 


108 


11664 


1259712 


10.3923 


4.7622 


2.03342 


9.25926 


339.29 


9160.88 


109 


11881 


1295029 


10.4403 


4.7769 


2.03743 


9.17431 


342.43 


9331.32 


110 


12100 


1331000 


10.4881 


4.7914 


2.04139 


9.09091 


345.58 


9503.32 


111 


12321 


1367631 


10.5357 


4.8059 


2.04532 


9.00901 


348.72 


9676.89 


112 


12544 


1404928 


10.5830 


4.8203 


2.04922 


8.92857 


351.86 


9852.03 


113 


12769 


1442897 


10.6301 


4.8346 


2.05308 


8.84956 


355.00 


10028.7 


114 


12996 


1481544 


10.6771 


4.8488 


2.05690 


8.77193 


358.14 


10207.0 


115 


13225 


1520875 


10.7238 


4.8629 


2.06070 


8.69565 


361.28 


10386.9 . 


116 


13456 


1560896 


10.7703 


4.8770 


2.06446 


8.62069 


364.42 


10568.3 


117 


13689 


1601613 


10.8167 


4.8910 


2.06819 


8.54701 


367.57 


10751.3 


118 


13924 


1643032 


10.8628 


4.9049 


2.07188 


8.47458 


370.71 


10935.9 


119 


14161 


1685159 


10.9087 


4.9187 


2.07555 


8.40336 


373.85 


11122.0 


120 


14400 


1728000 


10.9545 


4.9324 


2.07918 


8.33333 


376.99 


11309.7 


121 


14641 


1771561 


11.0000 


4.9461 


2.08279 


8.26446 


380.13 


11499.0 


122 


14884 


1815848 


11.0454 


4.9597 


2.08636 


8.19672 


383.27 


11689.9 


123 


15129 


1860867 


11.0905 


4.9732 


2.08991 


8.13008 


386.42 


11882.3 


124 


15376 


1906624 


11.1355 


4.9866 


2.09342 


8.06452 


389.56 


12076.3 


125 


15625 


1953125 


11.1803 


5.0000 


2.09691 


8.00000 


392.70 


12271.8 


126 


15876 


2000376 


11.2250 


6.0133 


2.10037 


7.93651 


395.84 


12469.0 


127 


16129 


2048383 


11.2694 


5.0265 


2.10380 


7.87402 


398.98 


12667.7 


128 


16384 


2097152 


11.3137 


6.0397 


2.10721 


7.81250 


402.12 


12868.0 


129 


16641 


2146689 


11.3578 


5.0528 


2.11059 


7.75194 


405.27 


13069.8 


130 


16900 


2197000 


11.4018 


5.0658 


2.11394 


7.69231 


408.41 


13273.2 


131 


17161 


2248091 


11.4455 


5.0788 


2.11727 


7.63359 


411.55 


13478.2 


132 


17424 


2299968 


11.4891 


5.0916 


2.12057 


7.57576 


414.69 


13684.8 


133 


17689 


2352637 


11.5326 


5.1045 


2.12385 


7.51880 


417.83 


13892.9 


134 


17956 


2406104 


11.5758 


5.1172 


2.12710 


7.46269 


420.97 


1410^.6 


135 


18225 


2460375 


11.6190 


5.1299 


2.13033 


7.40741 


424.12 


14313.9 


136 


18496 


2515456 


11.6619 


5.1426 


2.13354 


7.36294 


427.26 


14526.7 


137 


18769 


2571353 


11.7047 


5.1551 


2.13672 


7.29927 


430.40 


14741.1 


138 


19044 


2628072 


11.7473 


5.1676 


2.13988 


7.24638 


433.54 


14957.1 


139 


19321 


2685619 


11.7898 


5.1801 


2.14301 


7.19424 


436.68 


15174.7 


140 


19600 


2744000 


11.8322 


5.1925 


2.14613 


7.14286 


439.82 


15393.8 


141 


19881 


2803221 


11.8743 


5.2048 


2.14922 


7.09220 


442.96 


15614.5 


142 


20164 


2863288 


11.9164 


5.2171 


2.15229 


7.04225 


446.11 


15836.8 


143 


20449 


2924207 


11.9583 


5.2293 


2.15534 


6.99301 


449.25 


16060.6 


144 


20736 


2985984 


12.0000 


5.2415 


2.15836 


6.94444 


452.39 


16286.0 


145 


21025 


3048625 


12.0416 


5.2536 


2.16137 


6.89655 


465.53 


16513.0 


146 


21316 


3112136 


12.0830 


5.2656 


2.16435 


6.84932 


458.67 


16741.6 


147 


21609 


3176523 


12.1244 


5.2776 


2.16732 


6.80272 


461.81 


16971.7 


148 
149 1 


21904 


3241792 


12.1655 


5.2896 


2.17026 


6.75676 


464.96 


17203.4 


22201 


3307949 


12.2066 


1 5.3015 


\ 2.17^1^ 


[ 6.71141 


468.10 


17436.6 



^^ 
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Sq<a» 


Cube 


& 


Cubic 






1000 


Ni.,=Bi.B,E[« 


No. 


Bwt 


Logiritbm I 


ClrnuD. 


Ar» 


150 


22500 


337SOO0 


12.2474 


6,3133 


2.17800 


0-60007 


471.24 


17671.6 














2.17898 






474.38 




152 


23104 


3611808 


12.:(288 


£ 




2.18184 


6 


J78flS 






1S3 


23409 


3581577 


12.3693 




3485 


2.18489 


( 






18:i85!4 




















483:81 








3723875 


12!44B9 












480,95 




156 


24330 


3798418 


13.4000 


i 




2.19312 


C 


41026 






157 


34649 


3889893 
















19359.3 






3944312 


12.SaS8 














19606.7 


159 


252S1 


4019679 


12.8095 


5 


4175 


2.20140 


e 


28931 


499.51 




160 


25800 


4098000 


12.8491 


5 


4288 


2.20412 


6.25000 


502 65 


20108.3 
















605,80 


20358.3 






4251528 


12.7270 


5 


4514 


2.20953 


6.17284 


608.94 




103 


20509 


4330747 


12,7671 


6 


4020 


2.21219 


0.13497 
























21124:1 










6 






e!o6081 


518.36 


21383.6 


106 


27558 


4574296 


12,8841 


5 


4959 


2.23011 


6.02410 


621.50 


21642.4 


107 


27889 


4057403 








2.22272 


6.98802 






















B27>9 


22107il 


169 


28561 


4S208U9 


13.0000 


s 


5288 


2^22789 


6!9I718 


630.93 


22431.8 


170 


28900 


4913000 


13.0384 


5 


5397 


2.23046 


6.88236 


634 07 


22098.0 




29241 












5.84705 


537!21 


22B06.8 


172 


29584 


6088443 


13.1149 1 5 


5013 


2.23653 


6.S139G 


640.36 


23236.2 


173 




6177717 




5721 


























646!o4 


23778!? 










5 




2.24304 


6.71429 


649.78 


24062.8 


176 


30978 


5451770 


13.2005 


5 


6041 


2.34651 


H.0S182 








31329 


6545233 


13.3041 




6147 


2.24797 


5.64972 
















2 25042 




659120 


24884:^ 


179 


32041 


5735339 


13 3791 


5 63p7 


2 25285 


6!68650 


562.36 


251B4.9 


180 


32*00 


5832000 


nil * 046- -■>55''7 


6.55556 


566.40 


26440.9 














25730.4 










6.49451 


571.77 


28U1S.5 


1S3 


33489 


01.84 


45 


5,46448 


674.91 


28302.2 












578.05 














581.19 


2688o!3 


180 


34596 


6434S 


u. 0951 


5.37634 


684.34 


27171.6 


187 


34909 


05392^ 


IJ 48 o ISj 7184 


6.34759 












5 7287 








189 


35721 


0751'69 


13 7477 


6 7388 


2 27640 


s!2910I 


503,78 28055.2 


190 


36100 


6859000 


13.7840 


5.74B9 


2.27875 


6.26316 


506.90 


28352.9 






















192 


36884 


7077888 


13.8584 


6 


7800 


2.28330 


6.20833 


003.19 


28952.9 


193 


37249 


7189057 


13-8924 


6 


7790 


2.2S550 


5.18136 


606.33 


29255.3 
























38025 


















196 


38418 


7520536 


14.0000 


; 


8088 


2.29220 


6.10204 


815.76 


30171.0 






76-15373 


14.0357 




8186 


•2.29447 


5.07614 
























\ ■iV\'3>.* 


199 


39601 


7SS0599 


14^1067 


a 


S3S3 
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No. 



200 
201 
202 
203 
204 
205 
206 
207 
208 
209 

210 
211 
212 
213 
214 
215 
216 
217 
218 
219 

220 
221 
222 
223 
224 
225 
226 
227 
228 
229 

230 
231 
232 
233 
234 
235 
236 
237 
238 
230 

240 
241 
242 
243 
244 
245 
246 
247 
248 I 
249 I 



Square 



40000 
40401 
40804 
41209 
41616 
42025 
42436 
42849 
43264 
43681 

44100 
44521 
44944 
45369 
45796 
46225 
46656 
47089 
47524 
47961 

48400 
48841 
49284 
49729 
50176 
50625 
51076 
51529 
51984 
52441 

52900 
53361 
53824 
54289 
54756 
55225 
55696 
56169 
56644 
57121 

57600 
58081 
58564 
59049 
59536 
60025 
60516 
61009 
61504 
62001 I 



Cube 



8000000 
8120601 
8242408 
8365427 
8489664 
8615125 
8741816 
8869743 
8998912 
0129329 

9261000 

9393931 

9528128 

9663597 

9800344 

9938375 

10077696 

10218313 

10360232 

10503459 

10648000 
10793861 
10941048 
11089567 
11239424 
11390625 
11543176 
11697083 
11852352 
12008989 

12167000 
12326391 
12487168 
12649337 
12812904 
12977875 
13144256 
13312053 
13481272 
13651919 

13824000 
13997521 
14172488 
14348907 
14526784 
14706125 
14886&36 
15069223 
15252992 
15438249 



Square 
Boot 



14.1421 
14.1774 
14.2127 
14.2478 
14.2829 
14.3178 
14.3527 
14.3875 
14.4222 
14.4568 

14.4914 
14.5258 
14.5602 
14.5945 
14.6287 
14.6629 
14.6969 
14.7309 
14.7648 
14.7986 

14.8324 
14.8661 
14.8997 
14.9332 
14.9666 
15.0000 
15.0333 
15.0665 
15.0997 
15.1327 

15.1658 
15.1987 
15.2315 
15.2643 
15.2971 
15.3297 
15.3623 
15.3948 
15.4272 
15.4596 

15.4919 
15.5242 
15.5563 
15.5885 
15.6205 
15.6525 
15.6844 
15.7162 
15.7480 
15.7797 



Cubic 
Root 



5.8480 
6.8578 
6.8675 
6.8771 
6.8868 
5.8964 
5.9059 
5,9155 
5.9250 
5.9345 

5.9439 
5.9533 
5.9627 
5.9721 
5.9814 
6.9907 
6.0000 
6.0092 
6.0185 
6.0277 

6.0368 
6.0459 
6.0550 
6.0641 
6.0732 
6.0822 
6.0912 
6.1002 
6.1091 
6.1180 

6.1269 
6.1358 
6.1446 
6.1534 
6.1622 
6.1710 
6.1797 
6.1885 
6.1972 
6.2058 

6.2145 
6.2231 
6.2317 
6.2403 
6.2488 
6.2573 
6.2658 
6.2743 
6.2828 



Logarithm 



2.30103 
2.30320 
2.30535 
2.30750 
2.30963 
2.31175 
2.31387 
2.31597 
2.31806 
2.32015 

2.32222 
2.32428 
2.32634 
2.32838 
2.33041 
2.33244 
2.33445 
2.33646 
2.33846 
2.34044 



2. 
2. 
2. 
2. 
2. 
2. 



34242 
34439 
34635 
34830 
35025 
35218 
2.35411 
2.35603 
2.35793 
2.35984 

2.36173 
2.36361 
2.36549 
2.36736 
2.36922 
2.37107 
2.37291 
2.37475 
2.37658 
2.37840 

2.38021 
2.38202 
2.38382 
2.38561 
2.38739 
2.38917 
2.39094 
2.39270 
2.39445 



1000 

X 

Reciprocal 



5.00000 
4.97512 
4.95050 
4.92611 
4.90196 
4.87805 
4.86437 
4.83092 
4.80769 
4.78469 

4.76100 
4.73934 
4.71698 
4.69484 
4.67290 
4.65116 
4^62963 
4.60829 
4.58716 
4.56621 

4.54545 
4.52489 
4.50450 
4.48430 
4.46429 
4.44444 
4.42478 
4.40529 
4.38596 
4.36681 

4.34783 
4.32900 
4.31034 
4.29185 
4.27350 
4.25532 
4.23729 
4.21941 
4.20168 
4.18410 

4.16667 
4.14938 
4.13223 
4.11523 
4.09836 
4.08163 
4.06504 
4.04858 
4.03226 
4.01606 



Na=3 Diameter 



Qreom. 



628.32 
631.46 
634.60 
637.74 
640.88 
644.03 
647.17 



Area 



650.31. '33653.5 



653.46 
656.59 

059.73 
662.88 
666.02 
669.16 
672.30 
675.44 
678.58 
681.73 
684.87 
688.01 

691.15 
694.29 
697.43 
700.58 
703.72 
"706.86 
710.00 
713.14 
716.28 
710.42 

722.67 
725.71 
728.86 
731.99 
735.13 
738.27 
741.42 
744.56 
747.70 
750.84 

753.98 
757.12 
760.27 
763.41 
766.56 
769.69 
772.83 
775.97 
779.12 
782.26 



31415.9 
31730.9 
32047.4 
32365.5 
32685.1 
33006.4 
33329.2 



33979.5 

3^1^7.0 

J 

84636.1 
34966.7 
35298.9 
36632.7 
35968.1 
36305.0 
36643.5 
36983.6 
37325.3 
37668.5 

38013.3 
38359.6 
38707.6 
39057.1 
39408.1 
39760.8 
40115.0 
40470.8 
40828.1 
41187.1 

41547.6 
41909.6 
42273.3 
42638.5 
43005.3 
43373.6 
43743.6 
44115.0 
44488.1 
44862.7 

45238.9 
45616.7 
45996.1 
46377.0 
46759.5 
47143.6 
47529.2 
47916.4 
48305,1 
48695.5 



\ 
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Functions of Nxtmbebs, 250 to 299 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No.—. 


Diameter 


Qrcum. 


Area 


250 


62500 


15625000 


15.8114 


6.2996 


2.39794 


4.00000 


785.40 


49087.4 


251 


63001 


15813251 


15.8430 


6.3080 


2.39967 


3.98406 


788.54 


49480.9 


252 


63504 


16003008 


15.8745 


6.3164 


2.40140 


3.96825 


791.68 


49876.9 


253 


64009 


16194277 


15.9060 


6.3247 


2.40312 


3.95257 


794.82 


60272.6 


254 


64516 


16387064 


15.9374 


6.3330 


2.40483 


3.93701 


797.96 


60670.7 


255 


65025 


16581375 


15.9687 


6.3413 


2.40664 


3.92167 


801.11 


61070.6 


256 


65536 


16777216 


16.0000 


6.3496 


2.40824 


3.90625 


804.25 


61471.9 


257 


66049 


16974593 


16.0312 


6.3579 


2.40993 


3.89105 


807.39 


61874.8 


258 


66564 


17173512 


16.0624 


6.3661 


2.41162 


3.87597 


810.63 


62279.2 


269* 


67081 


17373979 


16.0935 


6.3743 


2.41330 


3.86100 


813.67 


62686.3 


260 


67600 


17576000 


16.1245 


6.3825 


2.41497 


3.84616 


816.81 


53092.9 


261 


68121 


17779581 


16.1555 


6.3907 


2.41664 


3.83142 


819.96 


63502.1 


262 


68644 


17984728 


16.1864 


6.3988 


2.41^30 


3.81679 


823.10 


63912.9 


263 


69169 


18191447 


16.2173 


6.4070 


2.41996 


3.80228 


826.24 


54325.2 


264 


69696 


18399744 


16.2481 


6.4151 


2.42160 


3.78788 


829.38 


64739.1 


265 


70225 


18609625 


16.2788 


6.4232 


2.42325 


3.77358 


832.62 


56154.6 


266 


70766 


18821096 


16.3095 


6.4312 


2.42488 


3.75940 


835.66 


66671.6 


267 


71289 


19034163 


16.3401 


6.4393 


2.42651 


3.74532 


838.81 


65990.2 


268 


71824 


19248832 


16.3707 


6.4473 


2.42813 


3.73134 


841.96 


66410.4 


269 


72361 


19465109 


16.4012 


6.4663 


2.42976 


3.71747 


846.09 


66832.2 


270 


72900 


19683000 


16.4317 


6.4633 


2.43136 


3.70370 


848.23 


57256.5 


271 


73441 


19902511 


16.4621 


6.4713 


2.43297 


3.69004 


851.37 


67680.4 


272 


73984 


20123648 


16.4924 


6.4792 


2.43457 


3.67647 


864.51 


68106.9 


273 


74529 


20346417 


16.6227 


6.4872 


2.43616 


3.66300 


857.65 


58634.9 


274 


75076 


20570824 


16.5529 


6.4951 


2.43775 


3.64964 


860.80 


68964.6 


276 


75625 


20796875 


16.5831 


6.5030 


2.43933 


3.63636 


863.94 


59396.7 


276 


76176 


21024576 


16.6132 


6.5108 


2.44091 


3.62319 


867.08 


59828.5 


277 


76729 


21253933 


16.6433 


6.6187 


2.44248 


3.61011 


870.22 


60262.8 


278 


77284 


21484952 


16.6733 


6.6266 


2.44404 


3.69712 


873.36 


60698.7 


279 


77841 


21717639 


16.7033 


6.5343 


2.44560 


3.68423 


876.50 


61136.2 


280 


78400 


21952000 


16.7332 


6.6421 


2.44716 


•3.67143 


879.65 


61576.2 


281 


78961 


22188041 


16.7631 


6.5499 


2.44871 


3.55872 


882.79 


62015.8 


282 


79524 


22425768 


16.7929 


6.5677 


2.46025 


3.64610 


885.93 


62458.0 


283 


80089 


22665187 


16.8226 


6.6664 


2.46179 


3.53367 


889.07 


62901.8 


284 


80656 


22906304 


16.8623 


6.5731 


2.46332 


3.52113 


892.21 


63347.1 


285 


81225 


23149125 


16.8819 


6.5808 


2.45484 


3.60877 


896.35 


63794.0 


286 


81796 


23393656 


16.9115 


6.5885 


2.45637 


3.49660 


898.50 


64242.4 


287 


82369 


23639903 


16.9411 


6.5962 


2.46788 


3.48432 


901.64 


64692.6 


288 


82944 


23887872 


16.9706 


6.6039 


2.45939 


3.47222 


904.78 


65144.1 


289 


83521 


24137569 


17.0000 


6.6115 


2.46090 


3.46021 


907.92 


66697.2 


290 


84100 


24389000 


17.0294 


6.6191 


2.46240 


3.44828 


^911.08 


66052.0 


291 


84681 


24642171 


17.0587 


6.6267 


2.46389 


3.43643 


914.20 


66508.3 


292 


85264 


24897088 


17.0880 


6.6343 


2.46538 


3.42466 


917.35 


66966.2 


293 


85849 


25153757 


17.1172 


.6.6419 


2.46687 


3.41297 


920.49 


67425.6 


294 


86436 


25412184 


17.1464 


6.6494 


2.46835 


3.40136 


923.63 


67886.7 


296 


87025 


25672375 


17.1756 


6.6669 


2.46982 


3.38983 


926.77 


68349.3 


296 


87616 


25934336 


17.2047 


6.6644 


2.47129 


3.37838 


929.91 


68813.4 


297 


88209 


26198073 


17.2337 


6.6719 


2.47276 


3.36700 


933.05 


69279.2 


298 


88804 


26463592 


17.2627 


6.6794 


2.47422 


3.35570 


936.19 




299 


89401 


26730899 


17.2916 


6.6869 


2.47567 \ S.^444&\ '^'iSJk.'i^ 
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Functions of Numbers, 300 to 349 



/ 



No. 


Square 


300 


90000 


301 


90601 


302 


91204 


303 


91809 


304 


92416 


305 


93025 


306 


93636 


307 


94249 


308 


94864 


309 


95481 


310 


96100 


311 


96721 


312 


97344 


313 


97969 


314 


98596 


315 


99225 


316 


99856 


317 


100489 


318 


101124 


319 


101761 


320 


102400 


321 


103041 


322 


103684 


323 


104329 


324 


104976 


325 


105625 


326 


106276 


327 


106929 


328 


107584 


329 


108241 


330 


108900 


331 


109561 


332 


110224 


333 


110889 


334 


111556 


335 


112225 


336 


112896 


337 


113569 


338 


114244 


339 


114921 


340 


115600 


341 


116281 


342 


116964 


343 


117649 


344 


118336 


345 


119025 


346 


119716 


347 


120409 


348 


121104 


349 1 


12JS01 



Cube 



27000000 
27270901 
27543608 
27818127 
28094464 
28372625 
28652616 
28934443 
29218112 
29503629 

29791000 
30080231 
30371328 
30664297 
30959144 
31255875 
31554496 
31855013 
32157432 
32461759 

32768000 
33076161 
33386248 
33698267 
34012224 
34328125 
34645976 
34965783 
35287552 
35611289 

35937000 
36264691 
36594368 
36926037 
37259704 
37595375 
37933056 
38272753 
38614472 
38958219 

39304000 
39651821 
40001688 
40353607 
40707584 
41063625 
41421736 
41781923 
42144192 
42508549 



Square 
Root 



17.3205 
17.3494 
17.3781 
17.4069 
17.4356 
17.4642 
17.4929 
17.5214 
17.5499 
17.5784 

17.6068 
17.6352 
17.6635 
17.6918 
17.7200 
17.7482 
17.7764 
17.8045 
17.8326 
17.8606 

17.8885 
17.9165 
17.9444 
17.9722 
18.0000 
18.0278 
18.0555 
18.0831 
18.1108 
18.1384 

18.1659 
18.1934 
18.2209 
18.2483 
18.2757 
18.3030 
18.3303 
18.3576 
18.3848 
18.4120 

18.4391 
18.4662 
18.4932 
18.5203 
18.5472 
18.5742 
18.6011 
18.6279 
18.6548 
18.6815 



Cubic 
Root 



6.6943 
6.7018 
6.7092 
6.7166 
6.7240 
6.7313 
6.7387 
6.7460 
6.7533 
6.7606 

6.7679 
6.7752 
6.7824 
6.7897 
6.7969 
6.8041 
6.8113 
6.8185 
6.8256 
6.8328 

6.8399 
6.8470 
6.8541 
6.8612 
6.8683 
6.8753 
6.8824 
6.8894 
6.8964 
6.9034 

6.9104 
6.9174 
6.9244 
6.9313 
6.9382 
6.9451 
6.9521 
6.9589 
6.9658 
6.9727 



9795 
9864 
9932 
0000 
0068 
0136 
0203 
0271 
0338 



7.040^ 



Logarithm 



2.47712 
2.47857 
2.48001 
2.48144 
2.48287 
2.48430 
2.48572 
2.48714 
2.48855 
2.48996 

2.49136 
2.49276 
2.49415 
2.49554 
2.49693 
2.49831 
2.49969 
2.50106 
2.50243 
2.60379 

2.50515 
2.50651 
2.50786 
2.50920 
2.51055 
2.51188 
2.51322 
2.51455 
2.51587 
2.51720 

2.51851 
2.51983 
2.52114 
2.52244 
2.52375 
2.52504 
2.52634 
2.52763 
2.52892 
2.53020 

2.53148 
2.53275 
2.53403 
2.53529 
2.53656 
2.53782 
2.53908 
2.54033 
2.54158 



1000 

X 

Reciprocal 



3.33333 
3.32226 
3.31126 
3.30033 
3.28947 
3.27869 
3.26797 
3.25733 
3.24675 
3.23625 

3.22581 
3.21543 
3.20513 
3.19489 
3.18471 
3.17460 
3.16456 
3.15457 
3.14465 
3.13480 

3.12500 
3.11526 
3.10559 
3.09598 
3.08642 
3.07692 
3.06749 
3.05810 
3.04878 
3.03951 

3.03030 
3.02115 
3.01205 
3.00300 
2.99401 
2.98507 
2.97619 
2.96736 
2.95858 
2.94985 

2.94118 
2.93255 
2.92398 
2.91545 
2.90698 
2.89855 
2.89017 
2.88184 
2.87356 
1 1.8^533 



No. = Diameter 



Circum. 



942.48 
945.62 
948.76 
951.90 
955.04 
958.19 
961.33 
964.47 
967.61 
970.76 

973^89 
977.04 
980.18 
983.32 
986.46 
989.60 
992.74 
995.88 
999.03 
1002.2 

1005.3 
1008.5 
1011.6 
1014.7 
1017.9 
1021.0 
1024.2 
1027.3 
1030.4 
1033.6 

1036.7 
1039.9 
1043.0 
1046.2 
1049.3 
1052.4 
1055.6 
1058.7 
1061.9 
1065.0 

1068.1 
1071.3 
1074.4 
1077.6 
1080.7 
1083.8 
1087.0 
1090.1 
1093.3 
1096.4 



Area 



70685.8 
71167.9 
71631.5 
72106.6 
72583.4 
73061.7 
73541.6 
74O23.0 
74506.0 
74990.6 

75476.8 
75964.5 
76453.8 
76944.7 
77437.1 
77931.1 
78426.7 
78923.9 
79422.6 
79922.9 

80424.8 
80928.2 
81433.2 
81939.8 
82448.0 
82957.7 
83469.0 
83981.8 
84496.3 
85012.3 

85529.9 
86O49.0 
86669.7 
87O92.0 
87615.9 
88141.3 
88668.3 
89196.9 
89727.0 
90268.7 

9O792.0 
91326.9 
91863.3 
92401.3 
92940.9 
93482.0 
94024.7 
94569.0 
96114.9. 
96662.3 
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NUMBEBS, ^0 

.54407 

.54054 
.54777 
.54900 
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CARNBQIE STEBL COMPANY 



Functions of Numbers 400 to 449 


No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 

X 

Reciprocal 


No. — ^Duuneter 




Area 


400 


160000 


64000000 


20.0000 


7.3681 


2.60206 


2.50000 


1256.6 


125664 


401 


160801 


64481201 


20.0250 


7.3742 


2.60314 


2.49377 


1259.8 


126293 


402 


161604 


64964808 


20.0499 


7.3803 


2.60423 


2.48756 


1262.9 


126923 


403 


162409 


65450827 


20.0749 


7.3864 


2.60531 


2.48139 


1266.1 


127556 


404 


163216 


65939264 


20.0998 


7.3925 


2.60638 


2.47525 


1269.2 


128190 


405 


164025 


66430125 


20.1246 


7.3986 


2.60746 


2.46914 


1272.3 


128825 


406 


164836 


66923416 


20.1494 


7.4047 


2.60853 


2.46305 


1275.5 


129462 


407 


165649 


67419143 


20.1742 


7.4108 


2.60959 


2.45700 


1278.6 


130100 


408 


166464 


67917312 


20.1990 


7.4169 


2.61066 


2.45098 


1281.8 


130741 


409 


167281 


68417929 


20.2237 


7.4229 


2.61172 


2.44499 


1284.9 


131382 


410 


168100 


68921000 


20.2485 


7.4290 


2.61278 


2.43902 


1288.1 


132026 


411 


168921 


69426531 


20.2731 


7.4350 


2.61384 


2.43309 


1291.2 


132670 


412 


169744 


69934528 


20.2978 


7.4410 


2.61490 


2.42718 


1294.3 


133317 


413 


170569 


70444997 


20.3224 


7.4470 


2.61595 


2.42131 


1297.5 


133965 


414 


171396 


70957944 


20.3470 


7.4530 


2.61700 


2.41546 


1300.6 


134614 


415 


172225 


71473375 


20.3715 


7.4590 


2.61805 


2.40964 


1303.8 


135265 


416 


173056 


71991296 


20.3961 


7.4650 


2.61909 


2.40385 


1306.9 


135918 


417 


173889 


72511713 


20.4206 


7.4710 


2.62014 


2.39808 


1310.0 


136572 


418 


174724 


73034632 


20.4450 


7.4770 


2.62118 


2.39234 


1313.2 


137228 


419 


175561 


73560059 


20.4695 


7.4829 


2.62221 


2.38663 


1316.3 


137885 


420 


176400 


74088000 


20.4939 


7.4889 


2.62325 


2.38095 


1319.5 


138544 


421 


177241 


74618461 


20.5183 


7.4948 


2.62428 


2.37630 


1322.6 


139205 


422 


178084 


75151448 


20.5426 


7.5007 


2.62531 


2.36967 


1325.8 


139867 


423 


178929 


75686967 


20.5670 


7.5067 


2.62634 


2.36407 


1328.9 


140531 


424 


179776 


76226024 


20.5913 


7.5126 


2.62737 


2.35849 


1332.0 


141196 


425 


180625 


76765625 


20.6155 


7.5185 


2.62839 


2.35294 


1336.2 


141863 


426 


181476 


77308776 


20.6398 


7.5244 


2.62941 


2.34742 


1338.3 


142531 


427 


182329 


77854483 


20.6640 


7.5302 


2.63043 


2.34192 


1341.6 


143201 


428 


183184 


78402752 


20.6882 


7.5361 


2.63144 


2.33646 


1344.6 


143872 


429 


184041 


78953589 


20.7123 


7.5420 


2.63246 


2.33100 


1347.7 


144545 


430 


184900 


79507000 


20.7364 


7.5478 


2.63347 


2.32558 


1350.9 


145220 


431 


185761 


80062991 


20.7605 


7.5537 


2.63448 


2.32019 


1354.0 


145896 


432 


186624 


80621568 


20.7846 


7.5595 


2.63548 


2.31481 


1367.2 


146574 


433 


187489 


81182737 


20.8087 


7.5654 


2.63649 


2.30947 


1360.3 


147254 


434 


188356 


81746504 


20.8327 


7.5712 


2.63749 


2.30415 


1363.6 


147934 


435 


189225 


82312875 


20.8567 


7.5770 


2.63849 


2.29885 


1366.6 


148617 


436 


190096 


82881856 


20.8806 


7.5828 


2.63949 


2.29358 


1369.7 


149301 


437 


190969 


83453453 


20.9045 


7.5886 


2.64048 


2.28833 


1372.9 


149987 


438 


191844 


84027672 


20.9284 


7.5944 


2.64147 


2.28311 


1376.0 


150674 


439 


192721 


84604519 


20.9523 


7.6001 


2.64246 


2.27790 


1379.2 


151363 


440 


193600 


85184000 


20.9762 


7.6059 


2.64345 


2.27273 


1382.3 


152063 


441 


194481 


85766121 


21.0000 


7.6117 


2.64444 


2.26767 


1386.4 


152745 


442 


195364 


86350888 


21.0238 


7.6174 


2.64542 


2.26244 


1388.6 


153439 


443 


196249 


86938307 


21.0476 


7.6232 


2.64640 


2.25734 


1391.7 


154134 


444 


197136 


87528384 


21.0713 


7.6289 


2.64738 


2.25225 


1394.9 


154830 


445 


198025 


88121125 


21.0950 


7.6346 


2.64836 


2.24719 


1398.0 


155528 


446 


198916 


88716536 


21.1187 


7.6403 


2.64933 


2.24215 


1401.2 


156228 


447 


199809 


89314623 


21.1424 


7.6460 


2.65031 


2.23714 


1404.3 


156930 


448 


200704 


89915392 


21.1660 


7.6517 


2.65128 


2.23214 


1407.4 


157633 




neoi 


90518849 


21.1896 \ 7 .ft574 \ 2..ft5^^5 [ 2.22717 


1410.6 


158337 



^^ 



MATHEMATICAL TABLES 



FuNCTioNH OP NnMBBRfl, 450 TO 499 










t 


' 


1000 






No. 


SqURT^ 


Cubs 


Roil Loa-rilhm 


RtciprooJ 


Circum, 


a™ 




450 


202500 


9U25000 


21.2132 7 


0631 


2,6.'i321 


2.32322 


1413 7 


1.19043 






203401 


01733851 






2 


05418 


2.2172B 


1410!9 


159751 












6744 








1420.0 




























454 


SOOllfl 


93578884 


21.3073 7 


0857 


a 


05708 


2-20264 










207025 


04106375 


21.3307 7 


»14 




65801 


2.19780 


1429.4 


162507 








































2;i8818 








458 


2011704 


96071912 


21,4009 7 


7082 


i 


36087 


2.18341 


1438,8 


184748 






210681 




21.4243 7 










1442,0 


1H5463 




480 


211000 


97338000 


214476 7 


7104 


2 


68276 


3-17391 


1445 1 


188190 




401 

462 


212521 
213444 


97972181 
08611128 


21.4709 : 


7250 


s 


06370 




1448,3 


106014 




to* 


l\*lll 


998DT344 


21.5407 7 


7418 


5 


68852 


2[lS617 


14S7;7 


1B9093 




405 


218225 


100544625 


21.6039 7 


7473 




66745 




1400.8 


160S23 
















































468 


219024 


102503232 




7039 


a 


07025 


3.13676 


1470.3 


172021 




400 


219961 


103181700 


21.0504 7 


7005 




67117 




1473.4 


172767 




470 


220B0O 


103823000 


21679E 7 


7760 


2 


67210 


3-12766 


1476 5 


1734B4 




471 




104487111 


21.7025 7 


7805 


s 


67303 


2,12314 


1479.7 


174234 




472 


222784 


105154048 


21.7256 7 


7B60 




67394 


3.11864 


1482.8 






































3 


17578 


2^10970 


1489! 1 


176480 




475 


225625 


107171875 


21.7945 7 


8025 


2 


67609 


2,10526 


1492-3 


177205 




476 


226678 


107850176 


21.8174 ', 






87761 






177952 






















178701 
















]7043 


3,09205 


1501.7 


179451 




479 


229441 


109902239 


21.8801 7 


8243 


2 


08034 


2.0S76S 


1504.S 






480 


230400 


110592000 


21.9089 7 


8297 


2 


6S124 


2.0833.^ 


1508.0 


1809B6 




481 








8352 


: 


68215 


2.O7O00 


1511-1 






482 


232334 


111980168 


21.9545 3 


MOO 




68305 












233289 


112678587 














183225 


















2,06012 


1520.6 


183984 




485 


23^225 


114084125 


22.0227 7 


8568 


i 


38574 




1523.7 


184745 




486 


238196 


11479L256 


22.0*54 -, 


8622 
















2371U9 
















188373 




















1533.1 


187038 




489 


230121 


116030169 


22.1133 7 


8784 


2 


08931 


2.04499 


1536,2 






t™ 


2«i^ 


117S4BDDD 


g:JI^ ? 


8891 


^ 


69108 


303^ 


1539.4 
1542.5 


188674 




492 




119095488 


22! 1811 '. 


8944 


s 


69197 










493 


243049 


119823167 


22.2036 7 






69285 
















22.2201 7 






69373 


















9105 




69481 


3.02020 


1655.1 


102442 




49B 


240016 


122023B38 


22.2711 7 


1)158 


a 


69548 




1558.2 






497 


247009 


122763473 


22.2035 7 






09838 














123505992 








6D723 






VwSSv* 


499 


249001 


124251499 


22^3383 7 


9317 1 2 


aaBio\i.(»«iv 


XvMTwT 



CARNEOIE STEEL COMPANY 



Functions op Nuiibebs 500 i 



I 260000 
261001 
I 232001 
: 26300a 
, 2S4016 



I 270400 

: 2724S4 

. 27467a 

■ 375S2G 

i 278678 

' 277729 



. 2S6160 
. 286225 

: 2S72as 



2B5S421G 

130323843 

1000512 

3IS7222D 



26000000 
25761601 
2B60e0OS 
272B3627 
28024064 



414207BI 
42230648 
43066667 
43877824 



63990660 
64S54153 
.65730872 



a. 3830 

2.4277 

2.4722 '• 
3.4944 ' 

2.6167 ■; 



2.6053 ; 
2,6274 I 
2.6495 ( 



2.SS10 t 
2.9129 i 
2.0347 I 



3.2104 i 

3.2370 f 
3.2604 t 



^89984 ] 

2.70070 ] 

2.70157 ] 

2.7024.1 1 

2.70320 1 



2.70767 

2.70842 
2.70927 



B.0156 i 
i.0208 i 
1.0260 i 



.95312 ] 

.94032 ] 

.04175 

.93424 ] 

.03060 1 



2.72016 1 

2.72099 ] 

2.72283 1 

2.72346 ] 



2.72691 ; 

£.72673 : 
2.72754 

2.72S35 J 

2.72016 ] 



2.73560 1 

2.73840 1 

2.73719 1 

2.73799 ] 

2.73878 1 



I 220618 

I 2222S7 
I 223123 



I.84S43 : 
1.84502 j 
1.84182 ] 
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Functions of Numbers, 550 to 599 




No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


1000 


No.=Diameter 




X 

Reciprocal 


Circum. 


Area 




550 


302500 


166375000 


23.4521 


8.1932 


2.74036 


1.81818 


1727.9 


237583 




551 


303601 


167284151 


23.4734 


8.1982 


2.74116 


1.81488 


1731.0 


238448 




552 


304704 


168196608 


23.4947 


8.2031 


2.74194 


1.81159 


1734.2 


239314 




553 


305809 


169112377 


23.5160 


8.2081 


2.74273 


1.80832 


1737.3 


240182 




554 


306916 


170031464 


23.5372 


8.2130 


2.74351 


1.80505 


1740.4 


241051 




565 


308025 


170953875 


23.5584 


8.2180 


2.74429 


1.80180 


1743.6 


241922 




556 


309136 


171879616 


23.5797 


8.2229 


2.74507 


1.79856 


1746.7 


242796 




557 


310249 


172808693 


23.6008 


8.2278 


2.74586 


1.79533 


1749.9 


243669 




558 


311364 


173741112 


23.6220 


8.2327 


2.74663 


1.79211 


1753.0 


244546 




659 


312481 


174676879 


23.6432 


8.2377 


2.74741 


1.78891 


1756.2 


245422 




560 


313600 


175616000 


23.6643 


8.2426 


2.74819 


1.78671 


1759.3 


246301 




661 


314721 


176558481 


23.6854 


8.2475 


2.74896 


1.78263 


1762.4 


247181 




662 


316844 


177504328 


23.7065 


8.2524 


2.74974 


1.77936 


1765.6 


248063 




663 


316969 


178453547 


23.7276 


8.2573 


2.75051 


1.77620 


1768.7 


248947 




564 


318096 


179406144 


23.7487 


8.2621 


2.75128 


1.77305 


1771.9 


249832 




665 


319226 


180362125 


23.7697 


8.2670 


2.75205 


1.76991 


1775.0 


250719 




666 


320366 


181321496 


23.7908 


8.2719 


2.75282 


1.76678 


1778.1 


251607 




667 


321489 


182284263 


23.8118 


8.2768 


2.75358 


1.76367 


1781.3 


252497 




568 


322624 


183250432 


23.8328 


8.2816 


2.75435 


1.76056 


1784.4 


253388 




660 


323761 


184220009 


23.8537 


8.2865 


2.75511 


1.75747 


1787.6 


254281 




570 


324900 


185193000 


23.8747 


8.2913 


2.75587 


1.76439 


1790.7 


256176 




571 


326041 


186169411 


23.8956 


8.2962 


2.75664 


1.76131 


1793.8 


256072 




672 


327184 


187149248 


23.9165 


8.3010 


2.75740 


1.74826 


1797.0 


266970 




573 


328329 


188132517 


23.9374 


8.3059 


2.75815 


1.74520 


1800.1 


257869 




674 


329476 


189119224 


23.9583 


8.3107 


2.75891 


1.74216 


1803.3 


258770 




675 


330626 


190109375 


23.9792 


8.3155 


2.75967 


1.73913 


1806.4 


259672 




676 


331776 


191102976 


24.0000 


8.3203 


2.76042 


1.73611 


1809.6 


260576 




677 


332929 


192100033 


24.0208 


8.3261 


2.76118 


1.73310 


1812.7 


261482 




678 


334084 


193100552 


24.0416 


8.3300 


2.76193 


1.73010 


1815.8 


262389 




679 


336241 


194104539 


24.0624 


8.3348 


2.76268 


1.72712 


1819.0 


263298 




680 


336400 


195112000 


24.0832 


8.3396 


2.76343 


1.72414 


1822.1 


264208 




581 


337561 


196122941 


24.1039 


8.3443 


2.76418 


1.72117 


1825.3 


265120 




582 


338724 


197137368 


24.1247 


8.3491 


2.76492 


1.71821 


1828.4 


266033 




583 


339889 


198155287 


24.1454 


8.3539 


2.76567 


1.71527 


1831.6 


266948 




684 


341056 


199176704 


24.1661 


8.3587 


2.76641 


1.71233 


1834.7 


267866 




585 


342225 


200201625 


24.1868 


8.3634 


2.76716 


1.70940 


1837.8 


268783 




586 


343396 


201230056 


24.2074 


8.3682 


2.76790 


1.70648 


1841.0 


269703 




587 


344569 


202262003 


24.2281 


8.3730 


2.76864 


1.70358 


1844.1 


270624 




688 


345744 


203297472 


24.2487 


8.3777 


2.76938 


1.70068 


1847.3 


271^47 




589 


346921 


204336469 


24.2693 


8.3825 


2.77012 


1.69779 


1850.4 


272471 




690 


348100 


205379000 


24.2899 


8.3872 


2.77085 


1.69492 


1853.5 


273397 




691 


349281 


206425071 


24.3105 


8.3919 


2.77159 


1.69205 


1856.7 


274325 




592 


350464 


207474688 


24.3311 


8.3967 


2.77232 


1.68919 


1859.8 


275264 




593 


351649 


208527857 


24.3516 


8.4014 


2.77305 


1.68634 


1863.0 


276184 




594 


352836 


209584584 


24.3721 


8.4061 


2.77379 


1.68350 


1866.1 


277117 




695 


354025 


210644875 


24.3926 


8.4108 


2.77452 


1.68067 


1869.2 


278051 




596 


356216 


211708736 


24.4131 


8.4155 


2.77525 


1.67785 


1872.4 


278986 




697 


366409 


212776173 


24.4336 


8.4202 


2.77597 


1.67504 


1875.5 


279923 




598 


357604 


213847192 


24.4540 


8.4249 


2.77670 


1.67224 


1878.7 


280862 




599 


368801 


214921799 


24.4745 


8.4296 


2.77743 1 1,66945 \ \&^\,%\'lSi;sSS:Si.\ 
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CARNEGIE STEEL COMPANY 



Functions of Numbers 600 to 649 





Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


lOOO 

^x 
Reciprocal 


No. — Diameter 


No. 


Circum. 


Area 


600 


360000 


216000000 


24.4949 


8.4343 


2.77815 


1.66667 


1885.0 


282743 


601 


361201 


217081801 


24.5153 


8.4390 


2.77887 


1.66389 


1888.1 


283687 


602 


362404 


218167208 


24.5357 


8.4437 


2.77960 


1.66113 


1891.2 


284631 


603 


363609 


219256227 


24.5561 


8.4484 


2.78032 


1.65837 


1894.4 


285578 


604 


364816 


220348864 


24.5764 


8.4530 


2.78104 


1.65563 


1897.5 


286526 


605 


366025 


221445125 


24.5967 


8.4577 


2.78176 


1.65289 


1900.7 


287475 


606 


367236 


222545016 


24.6171 


8.4623 


2.78247 


1.65017 


1903.8 


288426 


607 


368449 


223648543 


24.6374 


8.4670 


2.78319 


1.64745 


1906.9 


289379 


608 


369664 


224755712 


24.6577 


8.4716 


2.78390 


1.64474 


1910.1 


290333 


609 


370881 


225866529 


24.6779 


8.4763 


2.78462 


1.64204 


1913.2 


291289 


610 


372100 


226981000 


24.6982 


8.4809 


2.78533 


1.63934 


1916.4 


292247 


611 


373321 


228099131 


24.7184 


8.4856 


2.78604 


1.63666 


1919.5 


293206 


612 


374544 


229220928 


24.7386 


8.4902 


2.78675 


1.63399 


1922.7 


294166 


613 


375769 


230346397 


24.7588 


8.4948 


2.78746 


1.63132 


1925.8 


295128 


614 


376996 


231475544 


24.7790 


8.4994 


2.78817 


1.62866 


1928.9 


296092 


615 


378225 


232608375 


24.7992 


8.5040 


2.78888 


1.62602 


1932.1 


297957 


616 


379456 


233744896 


24.8193 


8.5086 


2.78958 


1.62338 


1935.2 


298024 


617 


380689 


234885113 


24.8395 


8.5132 


2.79029 


1.62075 


1938.4 


298992 


618 


381924 


236029032 


24.8596 


8.5178 


2.79099 


1.61812 


1941.5 


299962 


619 


383161 


237176659 


24.8797 


8.5224 


2.79169 


1.61551 


1944.6 


300934 


620 


384400 


238328000 


24.8998 


8.5270 


2.79239 


1.61290 


1947.8 


301907 


621 


385641 


239483061 


24.9199 


8.5316 


2.79309 


1.61031 


1950.9 


302882 


622 


886884 


240641848 


24.9399 


8.5362 


2.79379 


1.60772 


1954.1 


303858 


623 


388129 


241804367 


24.9600 


8.5408 


2.79449 


1.60514 


1957.2 


304836 


624 


389376 


242970624 


24.9800 


8.5453 


2.79518 


1.60256 


1960.4 


305815 


625 


390625 


244140625 


25.0000 


8.5499 


2.79588 


1.60000 


1963.5 


306796 


626 


391876 


245314376 


25.0200 


8.5544 


2.79657 


1.59744 


1966.6 


307779 


627 


393129 


246491883 


25.0400 


8.5590 


2.79727 


1.59490 


1969.8 


308763 


628 


394384 


247673152 


25.0599 


8.5635 


2.79796 


1.59236 


1972.9 


309748 


629 


395641 


248858189 


25.0799 


8.5681 


2.79865 


1.58983 


1976.1 


310736 


630 


396900 


250047000 


25.0998 


8.5726 


2.79934 


1.68730 


1979.2 


311725 


631 


398161 


251239591 


25.1197 


8.5772 


2.80003 


1.68479 


1982.3 


312715 


632 


399424 


252435968 


25.1396 


8.5817 


2.80072 


1.58228 


1985.5 


313707 


633 


400689 


253636137 


25.1595 


8.5862 


2.80140 


1.57978 


1988.6 


314700 


634 


401956 


254840104 


25.1794 


8.5907 


2.80209 


1.57729 


1991.8 


315696 


635 


403225 


256047875 


25.1992 


8.5952 


2.80277 


1.57480 


1994.9 


316692 


636 


404496 


257259456 


25.2190 


8.5997 


2.80346 


1.57233 


1998.1 


317690 


637 


405769 


258474853 


25.2389 


8.6043 


2.80414 


1.56986 


2001.2 


318690 


638 


407044 


259694072 


25.2587 


8.6088 


2.80482 


1.56740 


2004.3 


319692 


639 


408321 


260917119 


25.2784 


8.6132 


2.80550 


1.56495 


2007.6 


320695 


640 


409600 


262144000 


25.2982 


8.6177 


2.80618 


1.56250 


2010.6 


321699 


641 


410881 


263374721 


25.3180 


8.6222 


2.80686 


1.56006 


2013.8 


322705 


642 


412164 


264609288 


25.3377 


8.6267 


2.80754 


1.55763 


2016.9 


323713 


643 


413449 


265847707 


25.3574 


8.6312 


2.80821 


1.55521 


2020.0 


324722 


644 


414736 


267089984 


25.3772 


8.6357 


2.80889 


1.55280 


2023.2 


325733 


645 


416025 


268336125 


25.3969 


8.6401 


2.80956 


1.55039 


2026.3 


326745 


646 


417316 


269586136 


25.41G5 


8.6446 


2.81023 


1.54799 


2029.5 


327759 


647 


418609 


270840023 


25.43G2 


8.6490 


2.81090 


1.54560 


2032.6 


328775 


648 


419904 


272097792 


25.4558 


8.6535 


2.81158 


1.54321 


2035.8 


329792 


649 


421201 


273359449 


25.4755 


8.6579 


2.81224 


1.54083 


2038.9 


330810 
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MATHEMATICAL TABLES 







Functions op 


NttMflEEB, 650 


TO 699 












! ' 




lUOO 


lNV.^l!i»mclcc 


No. 


Squae 


Cube 1 'C 


Root 


LoBuriUin, 


Reci^rurdl 


Ciremn, 


a™ 


660 


422500 


274625000 


26 4951 


S.6634 


2 81391 


1.53848 


2042.0 


331831 






275894451 


25;5147 


8 


6668 










2 


3328G3 








26.6343 


t 


6713 


1 


81435 




204E 






653 
















1.53139 








6B4 


4277 IS 


270726264 






6801 












335927 






2S101137E 


25,6930 




6845 


2 


81824 




2057 


7 


336965 








25.6125 






2 


81690 


1.62439 


2060 






657 
























65S 


432964 


284890313 


















340040 






286X91179 


25.0710 


8 


7022 


2 


81880 


1.51745 


2070 


3 


341084 


600 


435600 


2874B60O0 




8 


7066 




81964 


1.61515 


2073 


5 


342U9 




430921 


2SS804781 


25! 7099 


8 


7110 


S 


82020 


1.51288 


2078 





343167 






290 117528 


25.7294 


* 


7164 


i 


S20S6 


1.61057 


207E 


7 










25.7488 


















664 


440806 


292754944 


















348270 




442225 
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Functions op Numbbbs, 850 


TO 899 










te- 


„ 1 


mo 


?l<i.=t)uuiiela 




Ng. 


8,1*™ 


Cubo 


Hwl 


LoeuiU]iii 


Rwiptocul 


CSnmm. 


Ana 




SSO 


722600 


614125000 


29 1648 


9 4727 


2-92042 


117647 


3670.4 


507450 








616295051 


39 


1719 


9 






93993 


l!l7509 


3673 


5 


508786 




852 


726904 


618470208 


2( 


1890 




4801 


S 


93044 


1.17371 


267( 




570124 








630850*77 




























622S35S64 














l!l7096 




9 






855 


731035 


635028375 


29 


3404 


i 


4912 


2 


93197 


1.10959 


2fl8f 


1 


674146 




S58 


732736 


627222018 


2( 


2575 




4949 


: 


33247 


1.16822 






575490 














































i 














850 


737881 


633839779 


29 


3087 


i 


5060 


2 


93399 


1.10414 


2698 





579530 




860 


739600 


6360G6000 


29 


3358 


9 


5097 


2 


93460 


1.10279 


2701 




6SUSS0 








638277381 


2[ 




i 






93500 


1,10144 


3704 




583332 




882 


743044 


640503928 


29 


3508 




6171 


i 


33661 


1.10009 


2706 


1 


583585 




863 






29 












































3 










8472 14625 


29 


4109 


1 


5381 


s 


93702 


1.15007 


3717 


5 


587055 




800 


749956 


649481896 


39 






5317 




33762 


1.15473 


3720 


i 






867 




651714363 










2 




















21 








3 


33862 












seg 


755161 


658334909 


29 


4788 


9 


5427 


2 


93902 


1.15075 


2730 





503102 




870 


750900 


658503000 


29 


4958 


g 


6464 


2 


93962 


114943 


2733 


2 


594468 










29 




9 


5501 




94003 


1.14811 




3 


595835 








683054848 


2t 


S298 


f 


5537 


i 


34052 


1.14679 


273f 


5 


597204 




B73 


782129 


885338617 














1.14548 










874 


















1 14416 
















39 


5S04 


i 


5647 


2 


94201 


1,14286 


3748 


J 


001330 




876 


707370 


672221376 


2t 


5973 


( 


6683 


£ 


94260 


1.14165 


2762 





602896 




877 


769129 


674526133 




















































870 


772841 


879161439 


39 


6479 


9 


5793 


2 


94399 


1. 13788 


2781 


5 


006831 




It? 


774400 


6S 1472000 


^ 


^ 


( 


5805 


2 


M498 


l!l3507 


1?^ 


8 


609595 








686128968 


3f 


1985 


£ 


5901 


2 


MS47 


1.13379 


2770 


) 


610980 






77B0S9 


688486387 








5937 


2 




1.13250 


3774 








884 


78 1466 
































29 




9 


6010 




94094 








015143 








695506456 


39 


7068 


i 


8018 


i 


M743 


1.12867 


2783 


> 


816634 




887 


780709 


697884103 




7825 










1.12740 


3786 








888 


7SS644 


700237072 


2t 


7093 
8161 


S 


oIm 


I 


MS90 


ia2438 







030717 




890 


792100 


704989000 


39 


8329 


g 


6190 


2 


94939 


1.13380 


2790 





023114 






793881 




















2 












2J 


8004 


E 




i 


95038 


1.13108 




3 


034913 






797449 


713121967 




8831 




3298 




95085 


1.11982 


2S0£ 




828315 




894 


799236 
801035 


714518984 


2S 




E 


i370 










? 


8377] 3 
839124 
















2( 


3333 


t 


6408 


i 


J5231 


l! 1 1007 


2SH 


3 


630530 




897 


804609 


721734273 














1.1J483 










SOB 


8064fl4 734150792 
















iKi,\,^'\«ss'Aa \ 


890 


808301 1 720572899 


39 


9833 


9 


0613 


2.95a7a 


i.vi.a.^\ 2»aA.*\ ssAiWi \ 



CARNEQIB STEEL COMPANY 



Functions of Numbers, 900 to 949 



No. 



Square 



900 
901 
902 
903 
904 
905 
906 
907 
908 
909 

910 
911 
912 
913 
914 
915 
916 
917 
918 
919 

920 
921 
922 
923 
924 
925 
926 
927 
928 
929 

930 
931 
932 
933 
934 
935 
936 
937 
938 
939 

940 
941 
942 
943 
944 
945 
946 
947 
948 
949 I 



810000 
811801 
813604 
815409 
817216 
819025 
820836 
822649 
824464 
826281 

828100 
829921 
831744 
833569 
835396 
837225 
839056 
840889 
842724 
844561 

846400 
848241 
850084 
851929 
853776 
856625 
857476 
859329 
861184 
863041 

864900 
866761 
868624 
870489 
872356 
874225 
876096 
8779G9 
879844 
881721 

883600 
885481 
887304 
889249 
891136 
893025 
894916 
896809 
898704 
900601 



Cube 



729000000 
731432701 
733870808 
736314327 
738763264 
741217625 
743677416 
746142643 
748613312 
751089429 

753571000 
756058031 
758650528 
761048497 
763551944 
766060875 
768576296 
771095213 
773620632 
776151559 

778688000 
781229961 
783777448 
786330467 
788889024 
791453125 
794022776 
796597983 
799178752 
801765089 

804357000 
806954491 
809557568 
812166237 
814780504 
817400375 
820025856 
822656953 
825293672 
827936019 

830584000 
833237621 
835896888 
838561807 
841232384 
843908625 
846590536 
849278123 
851971392 
854670349 



Square 
Root 



30.0000 
30.0167 
30.0333 
30.0500 
30.0666 
30.0832 
30.0998 
30.1164 
30.1330 
30.1496 

30.1662 
30.1828 
30.1993 
30.2159 
30.2324 
30.2490 
30.2655 
30.2820 
30.2985 
30.3150 

30.3315 
30.3480 
30.3645 
30.3809 
30.3974 
30.4138 
30.4302 
30.4467 
30.4631 
30.4795 

30.4959 
30.5123 
30.5287 
30.5450 
30.5614 
30.5778 
30.5941 
30.6105 
30.6268 
30.6431 

30.6594 
30.6757 
30.6920 
30.7083 
30.7246 
30.7409 
30.7571 
30.7734 
30.7896 
30.8058 



Cubic 
Root 



Logarithm 



9.6549 
9.6685 
9.6620 
9.6656 
9.6692 
9.6727 
9.6763 
9.6799 
9.6834 
9.6870 

9.6905 
9.6941 
9.6976 
9.7012 
9.7047 
9.7082 
9.7118 
9.7153 
9.7188 
9.7224 

9.7259 
9.7294 
9.7329 
9.7364 
9.7400 
9.7435 
9.7470 
9.7505 
9.7540 
9.7575 

9.7610 
9.7645 
9.7680 
9.7715 
9.7750 
9.7785 
9.7819 
9.7854 
9.7889 
9.7924 

9.7959 
9.7993 
9.8028 
9.8063 
9.8097 
9.8132 
9.8167 
9.8201 
9.8236 
9.8270 

40ft 



2.95424 
2.95472 
2.95521 
2.95569 
2.95617 
2.95665 
2.95713 
2.95761 
2.95809 
2.95856 

2.95904 
2.95952 
2.95999 
2.96047 
2.96095 
2.96142 
2.96190 
2.96237 
2.96284 
2.96332 

2.96379 
2.96426 
2.96473 
2.96520 
2.96567 
2.96614 
2.96661 
2.96708 
2.96755 
2.96802 

2.96848 
2.96895 
2.96942 
2.96988 
2.97035 
2.97081 
2.97128 
2.97174 
2.97220 
2:97267 

2.97313 
2.97359 
2.97405 
2.97451 
2.97497 
2.97543 
2.97589 
2.97635 
2.97681 
2.97727 



1000 

z 

Reciprocal 



1.11111 
1.10988 
1.10865 
l.H)742 
1.10619 
1.10497 
1.10375 
1.10254 
1.10132 
1.10011 

1.09890 
1.09769 
1.09649 
1.09629 
1.09409 
1.09290 
1.09170 
1.09051 
1.08932 
1.08814 

1.08696 
1.08578 
1.08460 
1.08342 
1.08225 
1.08108 
1.07991 
1.07875 
1.07759 
1.07643 

1.07527 
1.07411 
1.07296 
1.07181 
1.07066 
1.06952 
1.06838 
1.06724 
1.06610 
1.06496 

1.06383 
1.06270 
1.06157 
1.06045 
1.05932 
1.05820 
1.05708 
1.05597 
1.05485 
1.05374 



No.=sDiameter 



Circum. 



2827.4 
2830.6 
2833.7 
2836.9 
2840.0 
2843.1 
2846.3 
2849.4 
2852.6 
2855.7 

2858.8 
2862.0 
2865.1 
2868.3 
2871.4 
2874.6 
2877.7 
2880.8 
2884.0 
2887.1 

2890.3 
2893.4 
2896.5 
2899.7 
2902.8 
2906.0 
2909.1 
2912.3 
2915.4 
2918.5 

2921.7 
2924.8 
2928.0 
2931.1 
2934.2 
2937.4 
2940.5 
2943.7 
2946.8 
2950.0 

2953.1 
2956.2 
2959.4 
2962.5 
2965.7 
2968.8 
2971.9 
2975.1 
2978.2 
2981.4 



Area 



636173 
637587 
639003 
640421 
641840 
643261 
644683 
646107 
647533 
648960 

650388 
651818 
653250 
654684 
656118 
657555 
658993 
660433 
661874 
663317 

664761 
666207 
667654 
669103 
670654 
672006 
673460 
674915 
676372 
677831 

679291 
680752 
682216 
683680 
685147 
686615 
688084 
689555 
691028 
692502 

693978 
695455 
696934 
698415 
699897 
701380 
702865 
704362 
705840 
707330 
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MATHEMATICAL TABLES 



Functions op Numbers, 950 to 999 
















1000 


No. = Diameter 




No. 


Square 


Cube 


Square 
Root 


Cubic 
Root 


Logarithm 


z 




















Reciprocal 


Circum. 


Area 




950 


902500 


857375000 


30.8221 


9.8305 


2.97772 


1.05263 


2984.5 


708822 




951 


904401 


860085351 


30.8383 


9.8339 


2.97818 


1.05152 


2987.7 


710315 




952 


906304 


862801408 


30.8545 


9.8374 


2.97864 


1.05042 


2990.8 


711809 




953 


908209 


865523177 


30.8707 


9.8408 


2.97909 


1.04932 


2993.9 


713306 




954 


910116 


868250664 


30.8869 


9.8443 


2.97955 


1.04822 


2997.1 


714803 




955 


912025 


870983875 


30.9031 


9.8477 


2.98000 


1.04712 


3000.2 


716303 




956 


913936 


873722816 


30.9192 


9.8511 


2.98046 


1.04603 


3003.4 


717804 




957 


915849 


876467493 


30.9354 


9.8546 


2.98091 


1.04493 


3006.5 


719306 




958 


917764 


879217912 


30.9516 


9.8580 


2.98137 


1.04384 


3009.6 


720810 




959 


919681 


881974079 


30.9677 


9.8614 


2.98182 


1.04275 


3012:8 


722316 




960 


921600 


884736000 


30.9839 


9.8648 


2.98227 


1.04167 


3015.9 


723823 




961 


923521 


887503681 


31.0000 


9.8683 


2.98272 


1.04058 


3019.1 


725332 




962 


925444 


890277128 


31.0161 


9.8717 


2.98318 


1.03950 


3022.2 


726842 




963 


927369 


893056347 


31.0322 


9.8751 


2.98363 


1.03842 


3025.4 


728354 




964 


929296 


895841344 


31.0483 


9.8785 


2.98408 


1.03734 


3028.5 


729867 




965 


931225 


898632125 


31.0644 


9.8819 


2.98453 


1.03627 


3031.6 


731382 




966 


933156 


901428696 


31.0805 


9.8854 


2.98498 


1.03520 


3034.8 


732899 




967 


935089 


904231063 


31.0966 


9.8888 


2.98543 


1.03413 


3037.9 


734417 




968 


937024 


907039232 


31.1127 


9.8922 


2.98588 


1.03306 


3041.1 


735937 




1969 


938961 


909853209 


31.1288 


9.8956 


2.98632 


1.03199 


3044.2 


737468 




970 


940900 


912673000 


31.1448 


9.8990 


2.98677 


1.03093 


3047.3 


738981 




971 


942841 


915498611 


31.1609 


9.9024 


2.98722 


1.02987 


3050.5 


740506 




972 


944784 


91S330048 


31.1769 


9.9058 


2.98767 


1.02881 


3053.6 


742032 




973 


946729 


921167317 


31.1929 


9.9092 


2.98811 


1.02775 


3056.8 


743559 




974 


948676 


924010424 


31.2090 


9.9126 


2.98856 


1.02669 


3059.9 


745088 




975 


950625 


926859375 


31.2250 


9.9160 


2.98900 


1.02564 


3063.1 


746619 




976 


952576 


929714176 


31.2410 


9.9194 


2.98945 


1.02459 


3066.2 


748151 




977 


954529 


932574833 


31.2570 


9.9227 


2.98989 


1.02354 


3069.3 


749685 




978 


956484 


935441352 


31.2730 


9.9261 


2.99034 


1.02249 


3072.5 


751221 




979 


958441 


938313739 


31.2890 


9.9295 


2.99078 


1.02145 


3075.6 


752758 




980 


960400 


941192000 


31.3050 


9.9329 


2.99123 


1.02041 


3078.8 


754296 




981 


962361 


944076141 


31.3209 


9.9363 


2.99167 


1.01937 


3081.9 


765837 




982 


964324 


946966168 


31.3369 


9.9396 


2.99211 


1.01833 


3085.0 


757378 




983 


966289 


949862087 


31.3528 


9.9430 


2.99255 


1.01729 


3088.2 


758922 




984 


968256 


952763904 


31.3688 


9.9464 


2.99300 


1.01626 


3091.3 


760466 




985 


970225 


955671625 


31.3847 


9.9497 


2.99344 


1.01523 


3094.5 


762013 




986 


972196 


958585256 


31.4006 


9.9531 


2.99388 


1.01420 


3097.6 


763561 




987 


974169 


961504803 


31.4166 


9.9565 


2.99432 


1.01317 


3100.8 


765111 




988 


976144 


964430272 


31.4325 


9.9598 


2.99476 


1.01215 


3103.9 


766662 




989 


978121 


967361669 


31.4484 


9.9632 


2.99520 


1.01112 


3107.0 


768214 




990 


980100 


970299000 


31.4643 


9.9666 


2.99564 


1.01010 


3110.2 


769769 




991 


982081 


973242271 


31.4802 


9.9699 


2.99607 


1.00908 


3113.3 


771325 




992 


984064 


976191488 


31.4960 


9.9733 


2.99651 


1.00806 


3116.5 


772882 




993 


986049 


979146657 


31.5119 


9.9766 


2.99695 


1.00705 


3119.6 


774441 




994 


988036 


982107784 


31.5278 


9.9800 


2.99739 


1.00604 


3122.7 


776002 




995 


990025 


985074875 


31.5436 


9.9833 


2.99782 


1.00503 


3125.9 


777564 




996 


992016 


988047936 


31.5595 


9.9866 


2.99826 


1.00402 


3129.0 


779128 




997 


994009 


991026973 


31.5753 


9.9900 


2.99870 


1.00301 


3132.2 


780693 




998 


996004 


994011992 


31.6911 


9.9933 


2.99913 


1.002001 3135.x 


ll^1*i-<2i^ \ 


999 


998001 


997002999 


31.6070 


9.9967 


1 2.99957 \l.Qtt\^Q\'iVi%.^\'^'^'^'^^'^ \ 
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CARNEGIE STEEL COMPANY 



Natural Trigonometric Functions 



1 


SINES 


•P4 


1 


0' 


10' 20' 1 30' 

1 


40' 


50' 60' 

1 


a 





0.00000 


0.00291 


0.00582 


0.00873 


0.01164 


0.01454 


0.01745 


89 


1 


0.01745 


0.02036 


0.02327 


0.02618 


0.02908 


0.03199 


0.03490 


88 


2 


0.03490 


0.03781 


0.04071 


0.04362 


0.04653 


0.04943 


0.06234 


87 


3 


0.05234 


0.05524 


0.05814 


0.06105 


0.06395 


0.06685 


0.06976 


86 


4 


0.06976 


0.07266 


0.07556 


0.07846 


0.08136 


0.08426 


0.08716 


86 


5 


0.08716 


0.09005 


0.09295 


0.09585 


0.09874 


0.10164 


0.10453 


84 


6 


0.10453 


0.10742 


0.11031 


0.11320 


0.11609 


0.11898 


0.12187 


83 


7 


0.12187 


0.12476 


0.12764 


0.13053 


0.13341 


0.13629 


0.13917 


82 


8 


0.13917 


0.14205 


0.14493 


0.14781 


0.16069 


0.15366 


0.15643 


81 


9 


0.15643 


0.15931 


0.16218 


0.16505 


0.16792 


0.17078 


0.17365 


80 


10 


0.17365 


0.17651 


0.17937 


0.18224 


0.18509 


0.18795 


0.19081 


79 


11 


0.19081 


0.19366 


0.19652 


0.19937 


0.20222 


0.20507 


0.20791 


78 


12 


0.20791 


0.21076 


0.21360 


0.21644 


0.21928 


0.22212 


0.22495 


77 


13 


0.22495 


0.22778 


0.23062 


0.23345 


0.23627 


0.23910 


0.24192 


76 


14 


0.24192 


0.24474 


0.24756 


0.25038 


0.25320 


0.25601 


0.25882 


75 


15 


0.2.5882 


0.26163 


0.26443 


0.26724 


0.27004 


0.27284 


0.27664 


74 


16 


0.27564 


0.27843 


0.28123 


0.28402 


0.28680 


0.28959 


0.29237 


73 


17 


0.29237 


0.29515 


0.29793 


0.30071 


0.30348 


0.30625 


0.30902 


72 


18 


0.30902 


0.31178 


0.31454 


0.31730 


0.32006 


0.32282 


0.32557 


71 


19 


.0.32557 


0.32832 


0.33106 


0.33381 


0.33655 


0.33929 


0.34202 


70 


20 


0.34202 
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CARNEQIB STEEL COMPANY 



Natural Trigonometric Functions 
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Natural Trigonometric Functions 
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CARNEGIE STEEL COMPANY 



BIRMINGHAM WIRE GAGE 

Equivalents in Inches 

Corresponding Weights of Flat Rolled Steel 



Gage 
Number 



0000 
000 

• • •' 

00 


1 

2 
3 

• • • • 

4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
. 33 
34 
35 
36 



Thickness, 
Inches 



.454 
.425 

• • • • 

.380 
.340 
.300 
.284 
.259 

• ■ • • 

.238 
.220 
.203 
.180 
.165 
.148 
.134 
.120 
.109 
.095 
.083 
.072 
.065 
.058 
.049 
.042 
.035 
.032 
.028 
.025 
.022 
.020 
.018 
.010 
.014 
.013 
.012 
.010 
.009 
.008 
.007 
.005 
.004 



Pounds 

per 

Square Foot 



18.5232 
17.34 

15.504 

13.872 

12.24 

11.5872 

10.5672 

0.7104 

8.976 

8.2824 

7.344 

6.732 

6.0384 

5.4672 

4.896 

4.4472 

3.876 

3.3864 

2.9376 

2.652 

2.3664 

1.9992 

1.7136 

1.428 

1.3056 

1.1424 

1.02 

0.8976 

0.816 

0.7344 

0.0528 

0.5712 

0.5304 

0.4896 

0.408 

0.3072 

0.3204 

0.2850 

0.2040 

0.1032 



Thickness, Inches 



Fractional 
iS 

7 
10 

hi 
H 

B 

3 J 

u 
il 

35 

H 

«\ 

6 

S4 



A 



A 



Decimal 



^ 



*'4 



ih 



"Rfl 



I Pounds 
I Square Foot 



.5 


20.4 


.46875 


19.X25 


.4375 


17.85 


.40625 


16.575 


.375 


15.3 


.34376 


14.026 


.3125 


12.75 


.296875 


12.1125 


.28125 


11.476 


.265625 


10.8376 


.25 


10.2 


.234376 


9.6625 


.21875 


8.926 


.203125 


8.2875 


.1875 


7.65 


.171875 


7.0126 


.15625 


6.375 


.140625 


5.7376 


.125 


6.1 


.109375 


4.4625 


.09375 


3.826 


.078125 


3.1876 


.0625 


2.55 


.046876 


1.9125 






.03126 


1.275 


.015625 


0.6375 


.0078126 


0.31876 






.00390626 


0.159375 



/ 



Unless otherwise specified, all 
StecJ Company to JJir/jiiiiKhain \V 



orders for flat rolled steel in gages will be executed by Carnegie 
ire (lage. 
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MEASURES AND WEIGHTS 



UNITED STATES STANDARD GAGE 



Gue - 
Numbw ] 



!079I25 
.070^135 
.0025 
.0583 

i04375 
.0375 
.034375 

!021H75 

!o 171871) 

D 140625 
Dl'"i 



The Unitai StaUs Standard Gage a a ne ght gage 

incefl avoirdupoia aod app osLioaM h ckncfls based uf 
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SUBJECT INDEX 

Page 

ABMrican Bridge Co . . . specifications for steel structures 150-156 

A. S. T. M standard specifications 4-54 

boiler and fire box steel 36-40 

boiler rivet steel 41-44 

nickel steel, structural 45-50 

reinforcement bars, billet stool 51-54 

ship rivet steel 31-35 

structural steel for bridges 4-9 

•• •• buildings 10-15 

•• " cars 16-20 

locomotives 21-25 

ships 26--30 

Anchors standard wall and pier anchors 237 

Angles elements of sections 163, 172-177 

formulas for elements 163 

profiles, dimensions and weights 82-89 

safe loads, explanatory notes 200 

safe load tables 224-228 

standard connections 234. 235 

structural details for punching and riveting . 240-242 

tension values 248-250 

Angles, Back to Back . . radii of gyration 165, 188-190 

Arches, Floor Arches ■ • . explanatory notes 314—316 

terra cotta, safe load tables and weights 317-320 

Areas circles, diameters 1 to 999 388-407 

circular segments 382-385 

method of increasing sectional areas 56 

net areas of angles 248-250 

plane figures 379 

rectangular sections 108r-110 

reduction of area for rivet holes 242 

square and round bars 114, 115 

structural shapes 166-183 

. surface of solids 386, 387 

I 

Band Edge Flats list of sizes 106 

Bars cold twisted square bars, sizes and weights 116 j 

concrete reinforcement bars, sizes and weights 116-124 

eye bars, sizes and dimensions 142 

hanger bars, sizes and weights 125 

lattice bars, dimensions for columns 154 

merchant bars, list of sizes 106, 107 

rounds and squares, weights and areas 114, 115 

splice bars, profiles, dimensions and weights . . 130, 131 
standard test bars, see A. S. T. M. Specifications 4-54 

tension values, rounds and squares 251 

iipsc^t screw ends, sizes and dimensions 140, 141 

/ Bases for Columns ... standard design, mill and office buildings 305-307 
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Beams, H-Beams. 
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Beam Colnmiia 
Beam Girden. • 

Beam Stresses. 



Bearing Plates. . . 
Bearing Yalnes . . 
Bending Moments 



Bolts 



Bolt Heads and Nuts. 
Buckle Plates 

Bucklinif of Webs. . . 

Bnildins Laws 

Bulb Sections 



I 



see H-Beams 

bending moments, 'tables 207, 208 

conmion dimensions 57 

details, connection angles ' 234, 235 

bearing plates 238 

separators. . .^.y. 236 

standard gagedr for punching 231, 232 

elements of sections. 166, 167 

formulas for elements 162 

grillage, notes and calculations 252-256 

profiles, weights and dimensions 58-67 

safe loads, explanation of tables 200-206 

safe load tables 211-217 

web resistance, tables 207, 208 

safe load tables 284 

explanatory notes 257 

safe load tables 258, 259 

explanatory' notes 191-193, 200-206 

bending stresses 191, 192 

buckling stresses 204, 205 

deflection, lateral 152, 192, 202 

vertical 196-201 

flexure formulas for various loading conditions. . 194-199 

impact stresses 202, 203 

shearing stresses, longitudinal and vertical. 192, 203, 204 

tensile and compressive stresses 192 

explanatory notes 238 

safe resistance 239 

standard for beams 2 38 

pins and rivets, explanatory notes 243 

pins, tables 246 

rivets, tables 244, 245 

explanatory notes 191 

beams, tables 207, 208 

channels, tables 209 

pins, tables 247 

various loading conditions, formulas 196-199 

standard dimensions 136, 137 

screw threads, standard dimensions 136, 137 

weights, bolts with hexagon heads and nuts . . . 139 

weights, bolts with square heads and nuts 138 

standard dimensions 136, 137 

weights 138, 139 

explanatory notes 328 

safe load table 328 

sizes and dimensions 329 

explanatory notes 204-206 

web resistance of beams and channels, tables . 207-209 

extract, building laws of various cities 312 

bulb angles, bulb beams 

angles, elements 171 

*• profiles, weights and dimensions 70-72 

beams, elements 171 

•* profiles, weights and diiiiea&\^OT^ ^*^ 
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Cast Iron Columns allowable unit stresses 308 

hollow round and square, elements 186, 187 

safe loads. 309, 310 

Ceilings deflection of plastered ceilings ... 200, 201 

weight of ceilings 320 

Center of Gravity see Neutral Axis 

Channels, Ship and Car. elements of sections 169. 170 

formulas for elements 162 

profiles, weights and dimensions 77-81 

Channels* Structural. . . bending moments, table 209 

conmaon dimensions 57 

details, standard gages for punching 233 

elements of sections 168 

formulas for elements 162 

profiles, weights and dimensions 73-81 

safe loads, explanation of tables 200-206 

safe load tables 219-223 

web resistance, table 209 

Checkered Plates elements and safe loads 332 

profiles, weights and dimensions 102 

Chrcies areas and circumferences, dla. 1 to 999 388-407 

properties of the circle 378 

Chrcular Plates extreme sizes 103, 104 

Circular Segments areas, tables of coefficients 382-385 

Clevises sizes and weights 144 

Coefficients circular segments 383-385 

deflection imder uniform load 201 

expansion due to heat 365 ; 

Cold Twisted Squares . . . sizes and weights 116 

Columns, Cast Iron .... allowable unit stresses 308 

hollow roimd and square, elements 186, 187 

safe loads 309,310 

Columns, Steel explanatory notes 280, 281 

calculation of elements 164, 165 

"stresses 281 

compression formulas 282. 283 

elements, angle and plate colimms 297-304 

•* channel and plate colunms 285-296 

*' miscellaneous beam columns 284 

safe loads, angle and plate columns 297-304 

•* ** channel and plate columns 285-296 

** ** miscellaneous beam colunms 284. 

typical details for mill and office buildings 305-307 

Columns, Wood allowable unit stresses 355 | 

square and round, safe loads 356, 357 i 

Concrete, Masonry strength, unit fiber stresses 364 

specific gra\'ity and weight 359 

Concrete, Reinforced . . . explanator>' notes 321-325 ,' 

I beams and slabs, formulas 321-324 | 

bending moments of slabs 326 

I columns, formulas 324 1 

reinforcements, tieforraed bars, etc 116-124 | 

/ " round and square bars 114, 115 

l_ " triangle mesh 327 
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Compound Sections . . . . 

Connection Anffles 

Conversion Tables 

Cormsated Plates 



Cormarated Sheets. 



Cotter Pins 

Cross Tie Sections . 



Cubes and Cube Roots . 



Paob 
calculation of elements 164, 165 

standards for beams 234, 235 

measures and weights 366-377 

elements of sections 182 

profiles, weights and dimensions 101 

assemlded sections, elements^ and safe loads. . 331 

explanatory notes 340 

sizes and weights 341 

sizes and dimensions 146 

elements of sections 181 

profiles, weights and dimensions 126, 127 

safe load tables 218 

numbers 1 to 999 388-407 



Decimal Table equivalents of an inch and of a foot 417 

Deflection, Lateral explanatory notes and formula 152, 192, 202 

Deflection, Vertical. . . . explanatory notes 192,200 

coefficients, calculation and table 201 

coefficients for beams and channels . .210-214, 218-221 

limit for plastered ceilings 200 

formulas for loading imder various conditions . 196-199 
Deformed Bars sizes and weights 116-123 



Elasticity 



Elements of Sections. 



Equivalent Measures. 
Exiiansion, Heat. . . . 
Eye Bars 



Fiber Stresses 



Fireproof Floors. 
FUt Rolled Steel. 



Flexure of Beams . . 
Floor Construction 



Floor Plates. 



elastic limit of substances 362-363 

modulus of elasticity of substances . . 194, 347, 362-364 

explanatory notes 157 

formulas 158-166 

structural shapes 166-190 

metric and U. S. standard 366-377 

table of coefficients 366 

sizes, dimensions and weights 142 



concrete, reinforced concrete 364 

masonry, stone 364. 

metals, alloys .362, 363 1 

miscellaneous substances 364 

structural steel 150, 161, 368 

structural timber 347 

see Floor Construction 311-327 

list of sizes 103-106 

tables of weights 111-113. 

explanatory notes and formulas 191-199 

explanatory notes 311-316 

fireproof floor systems 313,)314 

live loads, various building laws ' 312 

reinforced concrete beams and slabs 321-^27 

terra cotta arches, safe loads and weights 317-320 

thrust in arches 314-316 

buckle plates , . . 328, 320 

checkered plates 332 

corrugated plates, assembled 331 

trough plates, assembled "^^Si 
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Foratabui bending moments and deflection 194-190 

elements of sections 158-165 

geometric and trigonometric 378-381, 386, 387 

roof trusses, stresses and length of members. .336-339 

stresses in beams, bending 192-194 

• buckling 204,205 

impact -..,..202,203 

shearing 203,204 

stresses in columns, cast iron 308 

structural steel 282,283 

structural timber 347 

stresses in bearing plates and steel slabs. . 238, 252, 253 

Fancdoiis numbers 1 to 999 388-407 

trigonometric 408-413 

Gases specific gravity and weight 358 

GacM angles, for punching .•234. 235 

beams, for punching 231, 232 

Birmingham wire gage 414 

channels, for punching 233 

comparative table of various gages 416 

United States standard gage 415 

Gage Yariatioii steel plates, see A. S. T. M. Specifications 

Girders explanatory notes 257 

angle and plate girders, safe loads 260-278 

beam and plate girders, safe loads 258, 259 

elements of compound sections 164, 165 

grillage foundations 262-266 

Gravity, Specific various substances 358, 359 

Grillage Foundations . . explanatory notes and calculation 252-256 

GriiM of Rivets length of field rivets 148 

H-Beams beam safe load tables 218 

colunm safe load tables 284 

elements of sections 170 

profiles, dimensions and weights 68 

Half Rounds list of sizes 107 

Hexagons list of sizes 107 

Hollow Sections rounds and squares, elements 186, 187 

cast iron colimms, allowable unit stresses 308 

safe loads ,. 309, 310 

Impact Stresses effect on beams 202, 203 

Increase of Sections . . . method of rolling >. 56 

Lateral Deflection explanatory notes and formula 152, 192, 202 

Lattice Bars dimensions for columns 154 

Liquids coefficients of expansion 365 

specific gravity and weight 358 

Live Loads, Floors .... building laws of various cities 312 

Logarithms numbers 1 to 999 388-407* 

Longitudinal Shear ... explanation and formula 203, 204 

Loop Rods sizes and dimensions 143 
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MasoiiiT and Stone. . . . coefficients of expansion 865 

specific gravity and weight 359 

strength, unit fiber stresses. 364 

Materials coefficients of expansion 365 

specific gravity and weight 358-361 

strength, unit fiber stresses 362-364 

Measures and'Weiffhts. . equivalents of U. S. and metric 366-377 

Mensaration mathematical formulas 378-387 

Metals and Alloys coefficients of expansion 365 

specific gravity and weight 358 

strength, imit fiber stresses 362, 363 

Metric Tables weights and measures 366-377 

Minerals specific gravity and weight 359 

Modulus of Elasticity. . various substances 194, 347, 362-364* 

Moments of Inertia definition and formulas 157-163 

structural shapes, tables 166-185 



Neutral Axis definition and formulas 157-163 

structural shapes, tables 168-185 

Nuts dimensions and weights 136-139 

recessed pin nuts, sizes and dimensions 146 

sleeve nuts, sizes and dimensions 145 



Ordering Materials .... general instructions 55 



Pilins, Steel Sheet explanatory notes 342-344 

elements, rolled and assembled sections 182, 345 

profiles, rolled sections 100 

Pins explanatory notes 243 

bearing values, tables 246 

bending moments, tables 247 

cotter pins, sizes and dimensions 146 

Pipe black and galvanized 134, 135 

Plate Girders see Girders 

Plates, Flat Rolled Steel . extreme sizes 

carbon steel, sheared, rectangular and circular. 103, 104 

, imiversal rectangular 103 

nickel steel, sheared, rectangular 105 

*' , universal, rectangular 105 

Plates, Floor Plates. . . . buckle plates, explanatory notes and sizes .... 328, 329 

checkered plates, elements and safe loads 332 

** •• profiles, weights, dimensions 102 

corrugated plates, elements and safe loads 182, 331 

" *' profiles, weights, dimensions 101 

trough plates, elements and safe loads 182, 330 

*' profiles, weights, dimensions. .. . 101 

Plates, Wall Plates see Bearing Plates 238, 239 

Profiles of Sections. . . . dimensions and weights 58-102, 116-133 

Ponchins details for punching and riveting 240-242 

construction specifications \?>?> 

Purlins explanatory notes "^.as^ 
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elements of sections 178, 179 

profiles, wights and dlTnensions 90-97 

saie load tables 229 

Tern Cotta arches, ceilings, furring, partition, roofing 314-320 

Test Ban standard, see A. S. T. M. Specifications 4-54 

Tlmads length 137 

standard dimensions of screw thread 136 

Thnut in ArdMe effect in flocv construction 314-316 

Tie Bods length and weight 237 

spacing 316 

Timber, Strnctaral .... explanatory notes 346 

beams, d^ections. limiting loads and spans. . . 349 

notes 348 

safe load tables 350-354 

coefficients of expansion 365 

columns, safe load tables 356, 357 

'* unit stresses 355 

specific gravity and weight 358 

unit stresses 347 

Triaairle Mesh concrete reinforcement 327 

Trigonometric Formulas functions of angles and triangles 380. 381 

Trigonometric Functions natural 408-413 

Troui^ Plates elements of sections 181 

profiles, weights and dimensions 101 

riveted sections, elements and safe loads 330 

Trusses explanatory notes 335 

stresses and length of members 336-339 

weights of trusses 335 

Tumbuckles size and dimensions 145 

Unit Stresses see Fiber Stresses 

Universal Mill Plates. . . extreme sizes 103 

Upset Screw Ends square and roimd bars 140, 141 

Vertical Shear explanation 203 

formulas for various conditions of loading 195-199 

Volume and Surface . . . solids 386, 387 

Web Besistances beams and channels 207-209 

Weiffhts flat rolled steel, tables 111-113 

rounds and squares 114, 115 

shapes 58-102, 116-133 

various substances 358-361 

Weiflrhts and Measures. . metric and U. S. equivalents 366-379 

Wind Loads, Pressure. . building specifications of various cities 312 

roofs and trusses 333 

Win and Sheet Metal . . standard gages 414-416 

Wooden Beams, Columns see Timber, Structural 348-357 

Zee Ban elements of sections 180 

profiles, weights and dimensions 98^ QQ 

safe load tables 'is*^ 
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PRODUCTS 

Pig Iron and Furnace Products 

Ferro- Manganese and Spiegeleisen 

Open-Hearth and Bessemer Steel, Alloy Steels 

Ingots, Billets, Blooms, Slabs, Sheet Bars 

Armor and Vault Plate 

Plates for Bridges, Ships, Tanks, Boilers, and Cars 

Rolled Structural Shapes 

Beams, Channels, Angles, Tees, Zees 

Steel Mine Timbers and Steel Sheet Piling 

Bar Mill Products 

Concrete Reinforcement Bars, Agricultural Shapes 

Miscellaneous and Special Shapes 

Merchant Bars 

Squares, Rounds, Half Rounds, Hexagons, Ovals, Half Ovals 

Flats, Skelp, Bands, Hoops, Cotton Ties 

Hoops for Slack Barrel Cooperage 

Tire and Vehicle Spring Steel 

Track Material 

Rails and Splice Bars, Duquesne Rail Joints, 

Track Accessories 
Steel Cross Ties 

FoRGIXfIS 

Standard For(5ed and Heat-Treated Axles 
Connecting Rods, Ckank Shafts, and Arch Bars 
FoucjED AND Rolled Wheels, Gear Blanks, 
Automobile Fly Wheels, Pipe Flanges, Shaft Couplings 

Derricks and Drilling Rigs 



CARNBQIE STEEL COMPANY 



WORKS 

DuQUESNE Steel Works and Furnaces South Duquesne, Pa. 

Edgar Thomson Steel Works and Furnaces Bessemer, Pa. 

Homestead Steel Works Munhall, Pa. 

Carrie Furnaces Rankin, Pa. 

Edith Furnace Pittsburgh, N. S., Pa. 

Isabella Furnaces Etna, Pa. 

Lucy Furnaces Pittsburgh, Pa. 

Neville Furnace Neville Island, Pa. 

Clark Mills Pittsburgh, Pa. 

McCuTCHEON Mills Pittsburgh, N. S., Pa. 

Painter Mills Pittsburgh, S. S., Pa. 

Lower Union Mills Pittsburgh, Pa. 

Upper Union Mills Pittsburgh, Pa. 

Howard Axle Works Homestead, Pa. 

Schoen Steel Wheel Works McKees Rocks, Pa. 

Bellaire Steel Works and Furnaces Bellaire, O. 

Clairton Steel Works and Furnaces Clairton, Pa. 

Columbus Steel Works and Furnaces Columbus, O. 

Mingo Steel Works and Furnaces Mingo Junction, O. 

New Castle Steel Works and Furnaces .... New Castle, Pa. 

Ohio Steel Works and Furnaces Youngstown, O. 

Sharon Steel Works and Furnace Sharon, Pa. 

Farrell Steel Works and Furnaces Farrell, Pa. 

Greenville Mills Greenville, Pa. 

Monessen Mills Monessen, Pa. 

Lower Union Mills Youngstown, O. 

Upper Union Mills Youngstown, O. 

NiLES Furnace Niles, O. 

Steubenville Furnace Steubenville, O. 

Zanesville Furnace Zanesville, O. 

Pittsburgh Warehouse Pittsburgh, Pa. 

Cleveland Warehouse Cleveland, O. 

New England Warehouse. _ Allston, Mass. 

Waverly Warehouses ^^n^xVs ^^."5^ 
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OFFICES 

GENERAL OFFICES: 

Pittsburgh, Carnegie Building. 

DISTRICT OFFICES: 

Birmingham, Brown-Marx Building, 

Boston, 120 Franklin Street, 

Buflfalo, Marine National Bank Building, 

Chicago, 208 South La Salle Street, 

Cincinnati, Union Trust Building, 

Cleveland, Rockefeller Building, 

Denver, First National Bank Building, 

Detroit, Ford Building, 

New Orleans, Maison Blanche, 

New York, Hudson Terminal, 30 Church Street, 

Philadelphia, Pennsylvania Building, 

Pittsburgh, Carnegie Building, 

St. Louis, Third National Bank Building, 

St. Paul, Pioneer Building. 

EXPORT REPRESENTATIVES: 

UNITED STATES STEEL PRODUCTS CO., 

New York, Hudson Terminal, 30 Church Street. 
PACIFIC COAST REPRESENTATIVES: 

UNITED STATES STEEL PRODUCTS CO., PACIFIC COAST DEFT. 

Los Angeles, Jackson Street and Central Avenue, 

Portland, Selling Building, 

San Francisco, Rialto Building, 

Seattle, Fourth Ave. South and Connecticut Ave. 
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